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PREFACE 

TO 

THIRD  EDITION  of 


The  success  of  Colonel  Medley's  compilation^       i 
Engineering  in  India  has  been  attested  by         i 
Editions  of  this  Work.    Colonel  Medley  had  ] 
the  labour  of  editing  a  Third  Edition  during 
land^  but  this  plan  was  negatived  owing  to      i 
Government  that  the  duty  of  editing  and  publi 
Treatise  of  Civil  Engineering ''  (as  d  text-book 
Colleges  of  India)  should  remain  as  heretofore  : 
College  Staff  at  Roorkee.    Thus^  in  the  abse 
able  Compiler,  the  duty  of  editing  the  Third  E( 
upon  me. 

This  Third  Edition^  contains  some  alterations  a 
to  suit  it  to  the  progress  of  Civil  Engineering  in 
to  render  it  a  more  complete  text-book  to  the  t 
of  reference  to  the  Engineer  in  India :  the  "  Froi 
Indian  Engineering '^  having  been  laid  under  cont 
descriptions  of  new  processes  introduced  during  i 

The  '  order '  of  the  Sections  has  been  altered  1 

_        _  ^^  * 

in  the  First  Editions :  in  this  Edition  the  more  < 

*  Ifote.— Thin  third  edition  of  1,600  copiM  printed  in  1878,  wif  lold  ont  1 
reprint  is  neocHuy,   Mo  alterations  have  been  made. 
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constraction  have  been  made  to  follow  thoee  of  a  simpler  natore. 
The  Section  on  "  Strength  of  Materials''  has  been  entirely  re^wri  tten 
(by  Capt.  Allan  Cnnningham,  R.E.,  Mathematical  Proresaor  in  this 
College),  and  has  been  placed  at  the  end  of  the  Volame  ;*  Mathe- 
matical investigations  in  relation  to  Carpentry  and  Masonry  having^ 
been  for  the  most  part  eliminated  from  the  Sections  devoted  to  those 
subjects,  and  collected  in  this  final  Section,  in  which  their  strictly 
Scientific  and  Mathematical  (as  opposed  to  their  purely  experimental 
and  practical)  aspect  4as  been  considered. 

The  Section  ^n  "  Building  Materials  "  has  been  carefully  revised 
and  enlarged  by  the  addition  of  supplementary  matter,  illustrative 
of  improvements  in  manufacture  during  late  years,  and  the  most 
recent  Indian  practice*    Among  the  additions  made  in  this  Edition 
may  be  noted  Manufacture  of  Artificial  Stone— Mode  of  Blasting 
in  the  Mont  Cenis  Tunnel — Brick-making  by  Machinery — Hoff- 
mann's Brick-kilns — New  list  of  Indian  Timber  Trees,  with  data 
relative  to  the  strength  and  elasticity  of  their  wood — and  Improve- 
ments in  Iron  and  Steel  Manufacture. 

The  Chapter  on  "  Limes  and  Cements  "  has  been  enlarged  by  ad- 
ditional information  in  regard  to  hydraulic  cements  and  concretes; 
materials  which  have  of  late  years  received  increased  attention  from 
Engineers  and  others^  and  are  employed  much  more  eztensiFely 
than  formerly  in  building  operations.    The  writings  of  Mr.  Heniy 
Beid^  C.E.,  have  been  consulted  for  the  most  recent  information  on 
this  most  important  subject;  and  extracts  from  the  recommendatiozu 
of  Colonel  H.  A.  Brownlow,  B.E.,  and  Mr.  P.  Dejoux^  in  regard  to 
cement  manufacture  in  In'dia^  have  been  embodied  in  this  work. 
Beference  has  been  made  to  experiments  in  concrete  building  in 

•  This  Section  is  now  pobliihed  sepantely  m  Vol.  III.  of  the  TrMtiN. 

A.K.B. 
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India,  a  mode  of  construction  which  promises  to  be  much 
tensively  adopted  in  parts  of  the  country  where  building  stc 
obtainable,  while  materials  for  concrete  are  abundant. 
More  precise  and  detailed  instructions  in  regard  to  L 
w  Mortar  Analysis  have  been  furnished  for  this  work  by  Dr. 

Thomson.  '  The  necessity  for  more  intimate  knowledge  of  t. 
position  of  building  materials,  especially  of  limes,  in  every 
India,  has  been  demonstrated  by  recent  building  failures  ( 
some  cases  to  inferior  materials) ;  and  an  increased  impetus  ha 
given  to  the  more  careful  study  of  the  local  supply  of  buildin 
terials  in  their  immediate  neighbourhood  by  Engineers  in  cha 
important  works.    Although  thorough  analysis  cannot  be  cond 
without  appliances  which  are  not  available  to  many  Engineers 
it  is  of   advantage  to  know  the  more  simple  and  approxii 
methods,  and  to  realize  what  is  required  for  a    more  comj 
analysis.    Before  long,  doubtless,  the  Government  will  arrange  i 
more  of  its  Engineers  shall  be  specially  instructed  in  Chem: 
Analysis,  and  that  at  certain  local  centres  such  qualified  offic 
shall  be  located  and  furnished  with  the  necessary  appliances 
enable  all  materials  used  in  building  operations  in  their  neighbou 
hood  to  be  carefully  analyzed.    There  seems  to  be  no  reason  whj 
if  sufficient  technical  knowledge  could  be  brought  systematically 
'^  to  bear  on  the  subject,  concretes  and  cements  should  not  be  man* 

^^  ufactured  in  India  of  equal  quality  to  those  used  in  Europe,  and 

cheaper  in  cost :  as  exemplified  by  the  Experiments  on  '^  Margohi 
Cement,'^  described  in  the  first  Appendix  of  this  Volume. 

The  Section  on  ''  Earth  work,''  as  descriptive  of  the  simplest  En- 
gineering  operations,  succeeds  that  on  ''  Materials,''  and  contains 
'S  ^  scarcely  any  alterations  from  the  former  Editions. 

.1I.B. 
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In  the  "  Carpentry  "  Section,  the  Chapter  on  Joints  and  Scarfii 
has  been  partly  re-written,  and  the  use  pf  f '  wood-cuts  '*  in  lieu  of 
*'  plates  "  for  illustrating  the  various  forms  of  Scarfs  has  been  prefer- 
red as  more  convenient  to  the  Student  for  ready  reference.  "  Roofs  ^' 
have  been  treated  descriptively  only,  the  Mathematical  investiga- 
tions connected  with  the  Stresses  on  their  component  parts  being 
removed  to  the  Section  on  "  Strength  of  Materials/'  Under  the  head 
of  Joiners'  Work,  additional  information  has  been  given  in  regard 
to  Stair-cases,  Doors  and  Windows ;  partly  extracted  from  the 
'^  Chatham  Architectural  Course/' 

in  the  Section  on  "  Masonry,''  the  question  of  bond,  both  of 
Walls  and  of  Arches,  has  been  more  fully  treated  and  illustrated 
with  wood-cuts :  much  additional  matter  has  been  given  in  regard 
to  pile  and  well  foundations,  and  the  several  processes  now  employed 
in  Indfa  for  well*sinking  and  excavations,  such  as  Fouracres,'  Bull's, 
and  Webb's  Dredgers  :  and  in  the  Chapter  on '  Retaining  Walls,'  the 
latest  forms  recommended  for  high  walls  by  the  French  Engineers 
and  Professor  Rankine  have  been  described. 

In  regard  to  the  Section  on  "  Strength  of  Materials,"  which  is 
entirely  new,  (and  for  which  I  am  indebted  to  that  able  Mathema- 
tician, Captain  Allan  Cunningham,  R.E.,)  I  would  refer  the  reader 
to  the  prefaces  to  Section  V.,  and  Chapter  XXVI.,  for  an  explana* 
tion  of  the  scope  of  the  Section.  It  is  proposed  to  collect  into  one 
Section,  written  by  one  Author  and  with  one  uniform  notation, 
all  Mathematical  investigations  which  relate  to  the  several  branches 
of  Engineering  discussed  in  this  Treatise.  Hitherto  such  investi- 
gations have  been  independently  written  by  the  Authors  of  the 
several  Manuals  and  Sections  of  which  the  Treatise  was  originally 
compiled:   so  that  a  different  notation  and   mode  of  treatment 
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occurred  in  different  parts  of  the  work  for  very  similar  Engineering 
problems.  This  has  been  corrected  in  this  Third  Edition  of  the 
First  Volume,  and  it  is  hoped  that  in  the  Third  £!dition  of  the  Second 
Volume,  the  proposed  plan  may  be  carried  out  in  its  full  integrity; 
a  second  part  of  "  Section  V/'  being  compiled  to  comprise  all  the 
Mathematical  investigations  now  scattered  through  that  Volume^ 
re«*written  with  a  uniform  notation,  and  treated  in  a  manner  simi- 
lar to  that  adopted  in  this  New  Edition  of  the  First  Volume. 

These  two  parts  of  Section  V.  of  the  Treatise,  will  thus  form  a 
complete  Manual  of  "  Applied  Mechanics  "  in  connection  with  this 
Treatise  on  Indian  Engineering. 

In  the  Appundix  additional  information  in  regard  to  the  Manu- 
facture of  Cement  in  India  has  been  given,  extracted  from  reports 
by  Col.  H.  A.  Brownlow,  B.E.  and  Mr.  P.  Dejoux :  several  useful 
tables  of  powers,  weights,  strength  of  materials,  &c.,  (in  connection 
with  Section  V.,)  have  been  inserted ;  and  the  '*  Technical  Vocabu- 
lary "  has  been  partly  re-arranged,  and  entirely*  re- written  in  accord- 
ance with  the  Hunterian  mode  of  spelling. 

EOORKEE,        •)  A.  M.  L. 

February  1873 
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*  By  Captain  Allan  Oonaingham,  £.B. 


PREFACE    TO   SECOND    EDITION. 


The  First  Edition  of  Yolume  I.  has  been  exhausted  rather 
sooner  than  I  had  anticipated,  and  I  have,  in  consequence,  been 
more  hurried  in  the  preparation  of  a  Second  Edition  than  I  could 
have  wished.  It  will,  however,  I  think,  be  found  an  improvement 
on  its  predecessor. 

In  the  Section  on  Building  Materials,  a  paragraph  has  been 
added  on  the  Manufacture  of  Artificial  Stone ;  and  an  additional 
Chapter  has  been  given  on  Coloured  Bricks  and  Tiles.  The  pro- 
cess of  making  the  Hollow  Hexagonal  Tiles  as  used  in  Sindh,  and 
the  Drainage  Tiles  as  at  Allygurh,  has  also  been  described.  Para- 
graphs on  the  detailed  Analysis  of  Limestone,  and  on  the  Manu- 

■I 

facture  of  Hydraulic  Lime  at  Eurrachee,  will  be  f»und.    The  Des- 

criptive  Catalogue  of  Indian  Timbers  has  been  revised,  and  many 

new  ones  added,  chiefly  by  the  aid  of  Dr.  Balfour's  valuable  work 

on  the  Timber  Trees  of  India.    Most  of  this  extra  matter  has  been  ^ 

taken  from  Vols.  IV.  and  V.  of  the  ''  Professional  Papers  on  Indian 

Engineering/' 

In  the  Section  on  Masonry,  additional  information  has  been 
given  on  the  construction  of  Domes  and  Oblique  and  6othio 
Arches,  and  on  the  Sand-Pump,  now  used  so  largely  in  sinking 
Foundations. 
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In  the  Carpentry  Section,  a  Chapter  has  been  given  on  Floors, 
Stair-cases  and  Partitions.  Several  additional  examples  of  Boofs 
will  also  be  fonnd ;  and  the  information  on  the  subject  of  Joints 
and  Scarfe  has  been  rendered  much  more  complete.  This  vain* 
able  additional  matter  has  been  extracted  from  Mr.  Newland's  ex- 
cellent work—''  The  Carpenter  and  Joiners'  Assistant.^' 

To  the  Section  on  Earthwork  has  been  added  an  abridgement 
of  (yCallaghan's  Tables,  which,  in  a  more  extended  form,  were 
published  at  this  Press  some  time  ago. 

In  the  Afpamdix  have  been  given  two  or  three  Notes  which  came 
too  late  to  be  inserted  in  the  body  of  the  text— «ome  valuable 
extracts  and  Tables  from  Molesworth's  well  known  Pocket-book,  and 
a  Technical  Vocabulary. 

The  above  additions  comprise  93  extra  pages,  while  several 
Plates  have  also  been  added.  It  has  been  found  necessary,  therefore, 
to  raise  the  price,  froioa  5  to  6  Be. ;  but  it  is  hoped  the  additional 
matter  will  be  thought  to  compensate  for  this. 

A  Second  Edition  of  Vol.  II.  (of  which  a  much  larger  num- 
ber of  copies  was  originally  printed  than  of  Vol.  I.)  will  be  put 
in  hand  at  once,  and  will,  I  hope,  be  ready  by  the  time  the  First 
Edition  is  exhausted. 


The  system  upon  which  this  compilation  has  been  made,  ii 
First,  to  lay  down  general  rules  and  principles  in  as  systematic  a 
form  as  the  subject  admits  ot  Secondly,  to  illustrate  the  applica- 
tion of  those  rules  to  practice  by  reference  to  examples  of  Indian 
Engineering  works.  To  take  the  Art  of  Civil  Engineering  out 
of  the  region  of  empiricism,  and  bring  it  to  within  the  confines  of 
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science^  ought  to  be  the  uim  of  erory  Engineer,  bat  the  principles 
on  whieh  it  xeets  onght  to  be  derived  ffom  the  resolts  of  actoal 
practice,  and  not  be  mere  h  priori  theories. 

The  Mathematical  invedigations  introdooed  have  been  made  as 
simple  as  possible  (such  as  involve  the  CalonlnSi  for  instance,  having 
been  omitted),  bat  they  pre-sappose  that  the  Student  has  a  fair 
acquaintance  with  Mathematics^  indading  Statics  and  Hydraalics, 
without  which,  indeed,  he  mast  simply  work  by  *'  rale  of  thuinb." 

Although  this  work  professes  to  be  little  more  than  a  careful 
collation  of  the  results  and  labois  of  others,  it  is  right  to  add  that 
the  compilation  has  been  tested  by  the  experience  gained  in  eleven 
years'  practice  in  the  construction  of  Roads,  Buildings,  Bridges  and 
Irrigation  Works,  besides  several  years  devoted  to  the  theory  and 
literature  of  the  profession. 


J.  G.  M. 


RoOkKKE, 

}si  February,  1869 
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I 


Thb  large  demimd  for  the  litUe  Manuals  of  Civil  Engioeering, 
compiled  from  time  to  time  at  the  College,  chiefly  for  the  use 
of  the  Stodentsi  hae  led  me  to  plan  a  compr^ennTe  Treatise 
on  the  whole  sabjecti  principally  with  reference  to  Indian  piac* 
tice.  I  have  taken  the  College  Manoala  as  my  text,  revidng 
them  all  carefully  and  adding  euoh  supplementary  matter  ae  I 
have  been  able  to  coUectj  iUostrative  of  work  aotnally  .executed 
in  India.  Thia  Treatise  is  thereforoi  in  no  aense  a  new  workj  but 
only  a  coherent  wholoi  compiled  from  a  number  of  detached  parts ; 
and  a  small  edition  only  has  been  printedi  that  it  may  be  issued 
with  emendations  and  additions  at  no  distant  interval  of  time- 

In  the  present  Volume,  Section  I.,  Building  Materials,  con- 
tains the  substance  of  the  Manual  with  that  title,  with  a  good 
deal  of  additional  matter  under'  the  headings  Stone  and  Timber, 
the  Chapter  on  Lime,  &c.,  bebg  abbreviated  fix>m  last  edition 
of  the  Manual  of  that  name. 

Section  11.  comprises  the  whole  of  No.  II.  Manual,  with  au 
additional  Chapter  on  Deflection. 

Section  III.  has  been  compiled  from  No.  VI.  Manual,  and  from 
Malum  and  other  good  authorities;  with  some  examples  selected 
from  the  "  Professional  Papers  on  Indian  Engineering.'' 
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Section  IV.  has  been  compiled  firom  No.  XI.  Manoal,  with 
a  few  additions. 

Section  Y.  is  an  ahnoet  verbatim  reprint  of  No.  TV.,  Manual 
on  Earthwork. 

When  the  Manuals  were  originally  drawn  up,  it  was  thought 
needless  to  encumber  their  pages  with  references  to  the  numerons 

« 

authorities  consulted  in  their  preparation!  and  I  have  followed 
the  same  course  with  the  pr^nt  work,  which  professes,  like  them, 
to  be  merely  a  compilation ;  but  Mahan's  and  Bankine's  Treatises 
on  Civil  Engineering,  and  Tredgolil's  and  Nicholson's  Treatises 
on  Carpentry,  must  be  specially  mentioned  as  having  been  largely 
extracted-  from. 

Vol.  II.  on  Special  Constructions,  comprising  Section  VI.,  Build* 
ings;  Section  VII.,  Bridges ;  Section  Vm.,  Beads ;  Section  IX., 
Bailways;  Section  X.,  Irrigation  Works:  will  be  issued,  I  hope 
by  the  end  of  this  year ;  and  having  myself  drawn  up  four  out 
of  the  five  Manuals  from  which  that  volume  will  be  chiefly  com- 
piled, I  shall  have  a  claim  to  a  larger  share  in  its  preparation 
than  in  that  of  the  present  one. 

I  have  only  to  add  that,  at  the  suggestion  of  a  correspondent, 
interleaved  copies  of  this  volume  are  available ;  and  if  they  could 
be  returned  to  Boorkee,  say  two  years  hence,  with  addenda  and 
alterations,  an  improved  edition  might  then  be  prepared. 

J.  G.  M. 
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SECTION   L-BUILDINa   MATEKIALS. 

The  materials  ill  general  nse  for  building  will  bo  separately  desctibed 
under  the  following  heads  : — ^^Btone,  Bricks,  Tiles,  Lime,  Cemehts  and 
Plasters,  'Wood,  Metals,  Paikts  and  Varnishes. 
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CHAPTER     L 

STONE. 

1.  The  nse  of  Stone  as  a  building  material  is  limited  by  local  circum- 
stances. The  widely  extended  plains  which  cover  so  large  an  area  in  this 
country,  and  more  particularly  in  the  Upper  Provinces,  for  the  most  part 
furnish  no  materials  adapted  for  this  purpose ;  and,  as  in  other  parts  of  the 
world  similarly  situated  in  this  respect,  the  want  is  supplied  by  the  use  of 
an  artificial  substitute.  The  description  of  limestone,  known  by  the  name 
of  karikar,  to  be  met  with  pretty  generally  over  a  great  part  of  Hindustan, 
beneath  the  surface  earth  at  varying  depths,  also  in  the  beds  and  banks 
of  rivers,  and  commonly  existing  in  the  form  of  rough  irvegular  nodules 
of  small  size,  is  in  some  places  found  also  in  large  compact  masses,  and 
has  been  successfully  employed  as  a  building  stone.  But  no  places  where 
it  is  so  employed,  and  where  masonry  works  of  any  extent  are  to  be 
constructed,  are  thereby  rendered  altogether  independent  of  the  artifi- 
cial material ;  the  successful  manufacture  of  which  is  a  matter  of  the 
first  importance  in  connection  with  all  works  of  Architecture  and  En- 
gineering. 

There  are  however  parts  of  India  where  rubble  stone  is  cheaper  than 
brick,  as  for  instance  in  Eajpootana,  where  the  easily  quarried  and  slab- 
like mica  slate  quite  supersedes  the  use  of  bricks,  and  others,  as  at  Saugor 
in  Central  India,  where  a  black  soil*  prevails,  in  which  beds  of  clay  fit 

*  This  black  eoil  is  generally  snpposedi  though  not  nniyersftlly  aUowed,  to  be  decompoied  bualt 
The  following  section  of  a  shaft  in  the  black  soil  near  Sanger  is  given  by  Dr.  B^ry,  in  the  2nd  Vol. 

of  the  Jonmal  of  the  Asiatic  Society,  page  641  :^ 
Snifaoe  soU  blaok,  8  feet;  soft  baialt,  2| feet  j  hard  basalt,  7  feet ;  aoft  basalt,  1i  feet ;  wacko, 

with  nodnles of  Umettona,  8  feet;  trayertins  with  imbedded  shells,  li  feet ;  ooune  sUicioas  grit,  8 
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for  brick-making  are  infrequent ;  whilst  for  architectoral  purposes,  tho 
white  marble  of  Jeypore,  and  the  freestones  of  Agra,  Delhi,  Mirzaporo 
and  Chunar,  are  well  known. 

2.  It  is  almost  superfluous  to  say  that  the  choice  of  stone  for  a  build- 
ing intended  to  endure  for  ages  is  of  the  yerj  highest  importance. 
Great  numbers  of  beautiful  buildings,  in  the  chiseling  of  whose  ornaments 
both  taste  and  labour  have  been  liberally  expended,  are  decaying  in  con- 
sequence of  want  of  care  in  this  particular.  The  Cathedral  at  Lichfield, 
and  many  of  the  Colleges  at  Oxford,  are  examples  of  this  neglect,  and 
also  of  the  error  of  not  building  the  stones  in  with  their  lamin»  lying 
horizontally ;  from  which  cause  the  surface,  in  many  instances,  is  detach- 
ed in  large  flakes.  At  Agra  and  at  Delhi  the  ornamental  tracery  of  many 
fine  buildings,  including  the  Kutab  Minar,  is  being  fast  obliterated 
from  the  decay  of  the  red  sandstone  in  which  it  has  been  carved. 

3.  The  qualities  required  in  stone  are  so  rarious,  according  to  the 
nature  of  the  building,  that  no  yery  precise  directions  can  be  given,  such 
as  would  exactly  meet  any  particular  case.  Again,  as  any  stone  that 
admits  of  being  quarried  in  suitable  sizes,  will  suit  for  ordinary  buildings, 
when  neither  great  durability  nor  ornamentation  are  required,  or  for 
backing  or  filling  in  more  important  structures,  for  such  work  the  Engi- 
neer need  only  consider  the  comparative  cost  between  the  varieties  of  stone 
procurable,  orlletween  stone  and  brick.  If  there  are  no  quarries  opened, 
a  day's  labour  ought  to  be  enough  to  satisfy  any  man  of  sense,  whether 
the  stone  can  be  wrought  or  not  at  a  reasonable  expense.  The  follow- 
ing notes,  therefore,  refer  to  the  better  qualities  of  stone,  and  how  they 
may  be  tested. 

^*  The  best"  always  means  the  best  to  suit ;  what  would  be  required 
for  a  light-house  or  sea-wall  would  not  answer  for  a  highly  finished 
architectural  building  or  for  a  dwelling-house.  The  choice  is  in  most 
cases  further  limited  by  the  cost.  Even  the  climate  of  the  place  may 
be  an  element  in  the  calculation.  Apart  from  all  such  collateral  con- 
siderations, the  question  is  reduceable  to  strength,  durability^  and  facilittf 
of  working.  The  two  first  are  generally  found  together,  but  not  neces- 
sarily so. 

It  is  only  in  particular  cases,  such  as  for  very  large  arches,  that  the 
resistance  to  actual  crushing  need  be  considered  ;  the  strength  in  this 
respect  of  even  ordinaxy  stone  is  greater  than  is  generally  required  of  it ; 


6T017B.  3 

and  a  stone,  of  which  ilie  durability  has  been  satisfactorily  proved,  may 
be  safely  trusted  to  resist  pressure. 

By  durability  is  meant,  the  power  to  resist  weathering ;  the  wear  and 
tear  from  atmospheric  causes.  Even  a  small  deficiency  in  this  respect 
will  in  time  spoil  the  appearance,  or  even  impair  the  stability,  of  the  most 
carefally  constructed  edifice. 

The  third  quality  mentioned  is  in  a  manner  negatiye ;  it  is  to  a  certain 
extent  the  inverse  of  the  others ;  facility  of  being  hammered  or  cut  im- 
plies either  softness  in  the  substance  of  the  stone,  or  a  low  degree  of  co- 
hesiveness  between  the  particles  of  this  substance.  It  is  a  common  puzzlo 
in  selecting  a  stone,  to  strike  a  medium  between  these  conflicting  qualities  ; 
a  difficulty  not  altogether  produced  by  the  limitation  of  price,  for  the  most 
enduring  stone  frequently  does  not  admit  of  elaborate  workmanship. 

4.  Stones  Classed^— The  stones  used  in  building  may  be  divided  into 
three  classes,  each  distinguished  by  the  earth  which  forms  its  chief  con- 
stituent.   These  are  :— 

I.  SiLioious  Stonbs. 
11.  Arqillagsous  Stokes. 
III.  Calcareous  Stones. 

6.  I.  SiLiGioTTS  Stones  are  those  in  which  silica  is  the  characteristic 
earthy  constituent.  With  a  few  exceptions  their  structure  is  crystalline^ 
granular^  and  the  crystalline  grains  contained  in  them  are  hard  and  dur- 
able ;  so  that  weakness,  and  decay  in  them  generally  ari^e  from  the 
decomposition  or  disintegration  of  some  softer  and  more  perishable  ma- 
terial, by  which  the  grains  are  cemented  together,  or  by  the  freezing  of 
water  in  their  pores,  when  they  are  porous. 

The  following  are  the  principal  silicious  stones  used  in  building  :— 

1.  Granite  and  Syenite  are  unstratified  rocks,  consisting  of  quartz, 
felspar,  mica,  and  hornblende.  The  name  granite  is  especially  applied 
to  those  specimens  in  which  there  is  little  or  no  hornblende ;  the  name 
eyenite  to  those  in  which  there  is  little  or  no  mica ;  but  both  are  popularly 
known  as  granite. 

The  quartz  is  in  the  form  of  clear,  colourless  or  gray  crystals ;  the 
hornblende  (when  present)  in  dark-green  or  black  crystals  ;  the  mica  in 
glistening  scales,  or  grains  composed  of  such  scales ;  the  felspar  in 
compact  opaque  crystals,  of  a  white,  yellowish,  or  flesh  colour. 

The  durability  and  hardness  of  granite  are  the  greater  the  more  quarts 
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aad  hornblende  predominate,  and  the  less  the  qnantity  of  felspar  and 
mica,  which  are  the  more  weak  and  perishable  ingredients.  Bmallness 
and  Instre  in  the  crystals  of  felspar  indicate  darability ;  largeness  and 
duUnesSi  the  reverse. 

The  best  kinds  of  granite  are  the  strongest  and  most  lasting  of  bnild- 
ing  stones.  The  difficulty  of  working  them,  caused  by  their  great  hard- 
ness, is  only  overcome  by  bug  practice  on  the  part  of  the  stone-cutters. 
Minute  ornaments  cannot  be  carved  in  granite,  and  a  simple  and  massive 
style  of  architecture  is  the  best  suited  for  it.  It  is  used  chiefly  in  works 
of  great  magnitude  and  importance,  such  as  light-houses,  piers,  break- 
waters, and  bridges  over  large  rivers ;  and  for  such  purposes  it  is  brought 
from  great  distances  at  considerable  cost,  the  stones  being  often  cut  to 
the  required  forms  before  leaving  the  quarry,  with  a  view  to  save  expense 
in  carriage,  and  to  obtain  the  benefit  of  the  skill  of  stone-cutters  accus- 
tomed to  the  material.  It  is  only  in  districts  where  granite  abounds 
that  it  is  used  for  ordinary  purposes. 

2.  Oneisa  and  Mica  Slate  consist  of  the  same  materials  as  granite, 
in  a  stratified  form.  They  are  found  in  the  neighbourhood  of  granite,  in 
strata  much  inclined,  bent,  and  distorted,  and  often  form-great  mountain 
masses.  Qneiss  resembles  granite  in  its  appearance  and  properties,  but 
is  less  strong  and  durable.  Mica  slate  is  distinguished  by  containing 
little  or  no  felspar,  so  that  it  consists  chiefly  of  quartz  and  mica ;  it  has 
a  laminated  or  slaty  structure,  and  the  silky  lustre  of  mica ;  it  is  a  tough 
material  in  directions  parallel  to  its  layer,  but  is  more  perishable  than 
gneiss.  Both  these  stones  are  used  for  ordinary  masonry  in  the  districts 
where  they  are  found.  Gneiss,  from  its  stratified  structure,  is  a  good 
material  for  flag- stones.  Mica  slate,  split  into  thin  layers,  may  be  used 
for  covering  roofs ;  but  it  is  inferior  for  that  purpose  to  clay  slate. 

8.  Oreenitone^  WhinMtonif  or  Tmp  and  Boialt — These  rocks  are 
unstratified,  and  consist  of  granular  crystals  of  hornblende  or  of  augite, 
with  felspar.  In  greenstone,  the  grains  are  considerably  finer  than  in 
granite ;  in  basalt  they  are  scarcely  distinguishable.  Greenstone  breaks 
up  into  small  blocks ;  basalt  into  regular  prismatic  colunms.  They  are 
found  in  veins,  dykes,  and  tabular  masses,  amongst  stratified  rocks  of 
various  ages.  Greenstone  is  usually  dark  green,  rarely  white  or  red ; 
basalt  nearly  black.  These  varieties  of  colour  are  due  to  the  hornblende 
or  the  augite,  the  felspar  being  white.    Both  these  rocks  i^^e  Tery  com- 


pact,  durable,  hard  and  tough  ;  they  are  well  adq>ted  for  ordinary 
building,  and  specially  well  suited  for  paying  and  metalling  roads. 

4.  Talc,  ChhriU  Slate,  SoapstouB.— In  these  stones  silicate  of  mag- 
nesia predominates.  Tak  is  in  transparent  or  translucent  sheets  of  a 
laminated  structure;  it  is  soft  and  easily  cut.  ChloriU  SlaU  is  also 
laminated,  soft,  and  easily  cut,  but  more  opaque  than  talc ;  it  is  some- 
times used  for  roofing,  but  is  inferior  to  clay  slate.  It  has  a  green  or 
greenish-gray  colour,  and  silky  lustre.  Soapstone  is  translucent  and 
soffc,  and  greasy  to  the  touch.  It  is  valued  for  its  power  of  resisting 
the  action  of  fire. 

6.  Quart*  Rock,  HcmsUm$  FZm/.«-These  stones  consist  of  quartz, 
pure  or  nearly  pure.  Quartz  reels  and  Eomst&M  are  stratified,  and  ap- 
pear to  have  been  produced  by  the  action  of  intense  heat  on  sandstone ; 
they  are  both  compact.  Quartz  rook  is  crystalline ;  homstone  is  glassy. 
They  are  the  strongest  and  most  durable  of  all  stones ;  but  their  hard- 
ness is  so  great  as  to  make  their  use  in  masonry  almost  impracticable. 

Flint  is  found  in  nodules  or  pebbles  scattered  through  the  chalk  strata 
and  in  beds  of  gravel,  apparently  left  after  the  washing  away  of  the  chalk. 
It  is  hard  and  durable,  but  very  brittle.  Flints  are  need  for  building 
purposes  by  being  made  into  a  concrete  with  lime. 

6.  Hornblende  Slate  is  hard,  tough,  durable,  and  impervious  to  water, 
and  is  used  for  flag-stones. 

7.  Sandstone  is  a  stratified  rock,  consisting  of  grains  of  sand,  that  is 
small  crystals  or  quartz  cemented  together  by  a  material  which  is  usu- 
ally a  compound  of  silica,  alumina  and  lime.  In  the  strongest  and  most 
durable  sandstone  the  cementing  material  is  nearly  pure  silica;  the 
weaker  and  less  durable  is  that  in  which  the  cement  contains  much 
alumina,  and  resembles  soft  felspar  or  clay  stone.  When  there  is  much 
lime  in  the  cementing  matter  of  sandstone  it  decays  rapidly  in  the  at- 
mosphere of  the  sea-coast,  and  in  that  of  towns  where  much  coal  is  burn- 
ed ;  in  the  former  case  the  lime  is  dissolved  by  muriatic  acid,  in  the  latter 
by  sulphuric  acid.  Calciferoue  sandstones,  as  those  containing  much  lime 
are  called,  pass  by  insensible  degrees  into  sandy  limestones.  The  ap- 
pearance of  strong  and  durable  sandstone  is  characterized  by  sharpness  of 
the  grains,  smallness  of  the  quantity  of  cementing  material,  and  a  clear, 
shining  and  translucent  appearance  on  a  newly  broken  surface.  Sound- 
ed grains  ^d  a  dull  me^y  surfacci  characterize  soft  and  perisl^able  sand- 
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Stone.  The  best  sandstone  lies  in  thick  strata,  from  which  it  can  be  cnt 
in  blocks  that  show  Very  faint  traces  of  stratification ;  that  which  is  easily 
split  into  thin  layers  is  weaker.  Bandstone  is  found  in  every  geological 
formation  above  the  primary  rocks,  amongst  which  its  place  is  supplied 
by  homstone  and  quartz  rock.  The  best  kinds  on  the  whole  ate  those 
which  belong  to  the  coal  formation ;  but  they  sometimes  have  their 
strength  impaired  by  being  divided  into  layers  by  extremely  thin  lamlnie 
of  coal. 

The  colours  of  sandstone  are  white,  yellowish-red,  and  red,  the  latter 
colours  being  produced  by  the  presence  of  peroxide  of  iron  in  the  cement- 
ing material.  Crystals  of  sulphuret  of  iron  are  sometimes  imbedded  in  it ; 
when  exposed  to  air  and  mositure,  they  decompose,  and  cause  disintegra- 
tion of  the  stone.  They  are  easily  recognized  by  their  yellow  or  yellow- 
ish-gray colour  and  metallic  lustre.  Sandstone  is  in  general  porous,  and 
capable  of  absorbing  much  water ;  but  it  is  comparatively  little  injured 
by  moisture,  unless  when  built  with  its  layers  set  on  edge,  in  which  case 
the  expansion  of  water  in  freezing  between  the  layers  makes  them  split 
or  "  scale  "  off  from  the  face  of  the  stone.  When  it  is  built  "  on  its  na- 
tural bed,"  any  water  which  may  penetrate  between  the  edges  of  the 
layers  has  room  readily  to  expand  or  escape. 

The  better  kinds  of  sandstone  are  the  most  generally  useful  of  all  build- 
ing stones,  being  strong  and  lasting,  and  at  the  same  time  easily  cut,  sawn, 
and  dressed  in  every  way,  and  fit  alike  for  every  purpose  of  masonry. 

6.  II.  Aroillaobous  or  Clayey  Stones  are  those  in  which  alumina, 
although  it  may  not  always  be  the  most  abundant  constituent,  exists  in 
sufficient  quantity  to  give  the  stone  its  characteristic  properties. 

1,  Porphyry  consists  of  a  mass  of  felspar,  with  crystals  of  felspar,  and 
sometimes  of  quartz,  hornblende,  and  other  minerals,  scattered  through 
it.  It  occurs  of  all  degrees  of  hardness.  The  variety  in  which  the  felspar 
matrix  is  soft  and  earthy,  is  called  claystone  porphyry ;  it  is  of  little  or 
no  value  for  building  purposes.  The  hardest  kind,  in  which  the  matrix 
is  compact  and  crystalline,  and  the  whole  material  beautifully  coloured 
and  capable  of  taking  a  high  polish,  is  sometimes  stronger  than  granite. 
It  is  rare,  and  is  valued  in  building  for  ornamental  purposes. 

2.  Clay  State  is  a  primary  stratified  rock  of  great  hardness  and  den- 
sity,  with  a  laminated  structure  making  in  general  a  great  angle  with  its 
planes  of  stratification.   Its  colours  are  bluish-gray,  blue,  and  purple,  the 
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darkest  colours  indicating  in  general  the  greatest  strength  and  durability. 
It  can  be  split  into  slabs  and  plates  of  small  thickness  and  great  size, 
and  is  nearly  imperrions  to  water ;  qualities  which  make  it  the  best  stony 
material  for  covering  roofs,  lining  water-tanks,  and  similar  purposes.  The 
stronger  kinds  of  clay  slate  haye  more  tenacity  along  their  lamniaa  than 
any  other  stone  whose  tenacity  has  been  ascertained.  The  signs  of  good 
quality  in  slate  are,  compactness,  smoothness  and  uniformity  of  tezturoi 
clear  dark  colour,  lustre,  and  the  emission  of  a  ringing  sound  when  struck. 
8.  Orauwacke  Slat$  is  a  liminated  claystone,  containing  sand,  and 
sometimes  fragments  of  mica  and  other  minerals.  It  is  used  for  roofing 
and  for  flag-stones,  but  is  inferior  to  clay  slate. 

7.  III.  Galoarbous  Stovbs  are  those  in  which  carbonate  of  lime 
predominates.  They  efferresce  with  the  dilute  mineral  acids,  which 
combine  with  the  lime,  and  set  free  carbonic  acid  gas.  By  the  action 
of  intense  heat  the  carbonic  acid  is  expelled  in  the  gaseous  form,  and 
the  lime  left  in  its  caustic  or  alkaline  state,  when  it  is  called  quicklime. 
Some  calcareous  stones  consist  of  pure  carbonate  of  lime  ;  in  others  it 
is  mixed  with  sand,  clay,  and  oxide  of  iron,  or  combined  with  carbonate 
of  magnesia.  The  durability  of  calcareous  stones  depends  on  their 
compactness  :  those  which  are  porous  being  disintegrated  by  the  freez- 
ing of  water,  and  by  the  chemical  action  of  an  acid  atmosphere.  They 
are,  for  the  most  part,  easily  wrought. 

1.  Marble  is  a  compact  crsytalline  carbonate  of  Ume.  It  is  found 
chiefly  amongst  the  primary  strata,  and  generally  in  the  neighbourhood 
of  igneous  rocks.  It  is  translucent,  capable  of  a  fine  polish,  sometimes 
white,  and  sometimes  variously  coloured.  It  is  one  of  the  most  durable 
of  all  stones.  Its  scarcity  and  value  prevent  its  being  used  except  for 
ornamental  buildings. 

2.  Compact  Limestone  consists  of  carbonate  of  lime,  either  pure,  or 
mixed  with  sand  and  clay.  It  varies  in  hardness  and  compactness,  some- 
times approaching  to  the  condition  of  marble,  sometimes  to  that  of  gra- 
nular limestone.  Its  most  frequent  colours  are  white,  grayish-blue,  and 
whitish-brown.  It  is  found  amongst  primary  and  secondary  strata,  and 
abounds  specially  in  the  coal  and  lias  formations.  It  is  very  useful  as 
a  building  stone,  and  is  durable  in  proportion  to  its  compactness. 

8.  Granular  Limestone  consists  of  carbonate  of  lime  in  grains,  which 
are,  in  general,  shells  or  fragments  of  shells,  cemented  together  by  some 
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oompoand  of  lime,  silica  and  alumina,  and  often  mixod  with  a  greater  or 
less  quantity  of  sand.  It  is  always  mord  or  less  porous  and  the  less 
porous  the  more  durable.  It  is  found  of  various  colours,  espedally  white, 
and  light  yellowish*brown«  In  many  cases  it  is  so  soft  when  first  quar- 
ried that  it  can  be  out  with  a  knife,  and  hardens  by  exposure  to  the  air. 
It  is  found  in  yarious  strata,  especially  in  the  oolitic  formation.  It  there 
appears  in  the  form  of  Oolitef  or  Rotstone^  so  called  because  its  grains 
are  round,  and  resemble  the  roe  of  a  fish.  The  pleasing  colour  and  text* 
ure  of  oolite  and  the  case  with  whieh  it  is  wrought,  hare  caused  it  to  bo 
much  used  in  building,  especially  where  delicate  carving  is  required.  The 
durability  of  oolites  varies,  extremely.  The  Portland  stone,  the  Bath 
stone,  and  the  Aubigny  stone  (from  Normandy)  are  examples  of  durable 
oolites.  The  perishable  kinds  of  oolite  decay  more  rapidly  than  almost 
any  other  stone,  CBpecially  in  an  add  atmosphere. 

4.  Magnuian  Limestone,  or  Dolomite,  is  found  in  various  conditions, 
from  the  compact  crystalline,  to  the  porous  granular.  In  Britain  it  is 
found  in  the  new  red  sandstone  formation  immediately  above  the  coal. 
It  is  like  limestone  in  appearance.  Its  durability  depends  mainly  on  its 
texture ;  when  that  is  compact,  it  is  nearly  as  lasting  as  marble,  which 
it  resembles  in  appearance ;  when  porous,  it  is  very  perishable. 

8t  Indian  8tone/^In  the  following  paragraphs  are  quotations  from 
several  pamphlets,  returns,  &c.,  published  regarding  building  stones 
found  in  different  parts  of  India. 

QwALioB  BANDSTon,  firom  a  pamphlet  by  ltajor*6eneral  A.  Cun- 
ningham, B.E  :«^ 

1.  Ainthi  8an4$tone.^Tht  Ainthi  rock  is  the  eosnest  of  the  Owalior  landstonei ; 
many  of  the  graina  of  qoarts  being  as  large  as  mustard  or  opiam  seed.  The  usual 
colonn  are  pinkish-white,  or  ochreons-jellow,  with  occasional  short  stripes  or  bars  of 
bUck.  The  white  rock,  which  is  of  less  coarse  teztore  than  the  other,  is  a  Tery  hard 
silidoiis  schist  On  acconnt  of  its  hardness,  it  is  tmiyersally  employed  for  the  manu- 
faotnre  of  corn-mills,  which  are  largely  exported  to  the  Gangetic  Doab,  and  to  all  the 
districts  sonth  of  the  Jnmna.  The  stone  is  oecasionallj  qoarried  for  beams  and  thick 
slabs,  for  which  it  is  well  adapted  by  its  superior  strengUi,  bnt  its  extreme  hardness 
and  consequent  dlfScnltj  of  being  worked  completely  prerents  its  nse,  excepting  only 
in  the  villages  immediately  snrronnding  the  quarries. 

2.  ParaoU  Sandttone,  This  is  a  very  hard,  fine  grained,  compact  white  sandstone, 
with  very  little,  if  any,  admixtare  of  clay.  It  i^  need  both  for  beams  (h'r)  and  for 
long  thick  slabs  (patti),  for  which  purpose  it  is  considered  superior  to  all  the  other 
Owalior  building  stones. 

a*   r#^<  49aiu^#(oiM.«Tliis  Is  the  flBtstgiained,  hardest,  sad  strongest  of  all  the 
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Gwalior  sandstones.  Its  colour  when  fresh  broken  is  a  dall  blae-green,  \?hich  grada- 
ally  changes  to  olive-green.  It  is  never  used  by  natives  on  account  of  its  extreme 
hardness,  which  destroys  their  tools  in  working  it.  The  verandah  of  the  Kesidency 
is  paved  with  slabs  of  this  stone,  which  were  once  polished,  bat  the  polish  is  not 
lasting.  It  is  comparatively  soft  when  first  quarried,  but  it  soon  acquires  great 
hardness  from  exposure  to  the  air. 

4.  Bamor  Sanditone.—^amifx  is  one  of  the  principal  quarries  for  the  supply  of 
Gwalior  with  building  stone,  on  account  of  its  easily  accessible  situation  on  the  high 
road.  The  stone  is  readily  quarried  into  slabs  of  various  thickness,  owing  to  the 
natural  cleavage  of  the  rock,  which  is  of  a  dirty-white  colour,  marked  with  orange 
specks.  It  is  considered  the  best  stone  for  slabs,  as  it  will  bend  nearly  half  an  inch 
before  it  breaks.  It  is  also  used  for  beams  and  thick  roofing  slabs  which  are  quar- 
ried of  a  large  size  ;  the  first  15  feet  long,  with  a  breadth  of  9  inches,  and  a  depth 
of  24  inches  ;  the  latter  12  feet  long,  with  a  breadth  of  18  inches,  and  a  depth  of  6 
inches. 

5.  Kulhet  Sandstone, — Enlhet  sandstone  is  exactly  like  that  of  Bamor,  with  the 
addition  of  thin  laminie  of  mica,  which  determine  the  lines  of  cleavage  for  slabs.  It 
is,  however,  a  softer  stone  than  the  Bamor,  and  is,  therefore,  used  for  making  lattice 
work,  a  purpose  for  which  it  is  well  adapted. 

6.  Manpoor  Sandstone, — This  stone  is  of  a  dingy-pink  colour,  but  of  a  good  close 
texture.  It  is  soft  and  easily  worked,  and  is  therefore  used  for  statues,  and  for  small 
building  stones,  {ts  strength  however  is  so  inferior  that  it  is  never  used  for  beams, 
but  is  chiefly  in  demand  for  cornices  and  carved  work  of  all  kinds* 

The  following  Table  exhibits  the  results  of  experiments  on  the  above,  collected 
together  for  comparison  : — 


No. 

^ 

Qoazrifls. 

Specific  gravity. 

Weight  of  1 
oablofoot 

lbs. 

• 

Vnlnoeofp 
for  oroM  strain. 

1 

Ainthi,    ••• 

2-284 

142*95 

156-12 

2 

Faraoli,  ••> 

••• 

2-277 

142  50 

9900 

8 

Telri,      ... 

2-549 

159-50 

189-40 

4 

Bamor,    ... 

2-368 

148-20 

8510 

5 

Kulhet,   ... 

2-387 

149-40 

104-31 

6 

Manpoor, 

2-359 

147-68 

60-32 

9.    The  following  extracts  arc  from  the  Memoirs  of  the  Geological 

Survey : — 

MiDNAPOEE  AND  Obissa.— The  rock  most  generally  employed  for  building 
purposes  in  these  districts  is  Lateriie,  This  is  largely  used  in  the  construction  of 
the  walls  of  houses,  and  in  buildings  also  of  greater  pretension.  Few  rocks  present 
greater  advantages  from  its  peculiar  character » it  is  eai^  to  cat  and  shape  when  first 
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dag,  and  it  becomes  hard  and  tongh  after  exposure  to  the  air,  while  it  seems  to  bo 
very  little  acted  on  bj  the  weather.  Indeed  in  many  of  the  scnlptnred  stones  of  some 
of  the  oldest  buildings,  temples,  &c.,  in  the  district,  the  chisel-marks  are  as  fresh  and 
sharp  as  when  first  built.  It  is,  perhaps,  not  so  strong,  nor  so  capable  of  resisting 
great  pressure,  or  bearing  great  weights,  as  some  of  the  sandstones,  or  the  more  corn- 
pact  kinds  of  gneiss,  but  it  certainly  possesses  amply  sufficient  strength  for  all  ordi- 
nary purposes.  It  is  largely  used  at  the  present  time,  but  has  also  been  employed 
from  the  earliest  period  from  which  the  temples  and  buildings  of  the  country  date. 
And  the  elaborate  specimens  of  carving  and  ornament,  which  some  of  these  present, 
show  that  nodular  structure  and  irregular  surface  of  the  laterite  do  not  prevent  its 
effective  use  for  such  purposes  of  ordinary  ornamentation,  as  mouldings,  &c.  Another 
advantage  it  possesses  over  other  rocks  is  the  facility  of  transport,  it  being  generally 
found  in  the  low  grounds,  and  often  at  no  great  distance  from  some  of  the  many 
streams  which  traverse  the  vicinity. 

Slabs  from  four  to  five  feet  long  are  easily  procurable  of  this  rock.  They  arc  quar- 
ried in  a  rude  but  effective  way  ;  a  groove  is  cut  with  a  rudely  pointed  pick  round  the 
slab  ;  another  is  made  underneath,  and  then  a  few  wedges  driven  in  split  off  the  block. 
The  more  loose  and  gravelly  forms  of  the  laterite  are  universally  used  for  road-metal 
for  which  purpose  they  are  admirably  adapted. 

In  Orissa,  Oneiis  and  Sandstone  are  also  quarried  in  places  for  building  purposes. 
Ancient  sculptures  on  both  are  found.  The  caves  of  Ehundegeree,  and  the  temples 
of  Bobancasnr  are  both  of  sandstone,  while  temples  with  statues  of  Hindoo  deities 
carved  in  gneiss  are  common  in  many  districts.  The  variety  generally  worked  is  one 
of  the  kinds  of  gametiferous  gneiss.  At  Neeltigur,  mill-stones  are  manufactured,  to 
a  considerable  extent ;  in  other  places  drinking  cups  are  made  of  gneiss. 

The  chloritic  and  serpentinous  beds  in  the  gneiss  are  manufactured  into  plates  and 
basins,  wherever  they  occur.  In  Midnapore  district,  and  close  to  its  boundary,  in 
Maunbhoom,  and  in  the  Nilgiri  hills,  are  the  principal  seats  of  manufacture  in  these 
districts.  The  rock  yields  a  beautiful  compact  and  very  tough  material,  though  soft 
and  easy  to  work.  It  is  admirably  suited  for  fine  carvings,  as  may  be  well  seen  in 
some  of  the  beautifully  sculptured  doorways  of  the  Black  Pagoda,  which  are  carved 
from  this  variety  of  rock.  Blocks  of  almost  any  size  can  be  obtained,  the  only  im- 
pediment being  the  difficulty  of  transport  from  the  high  hills  on  which  it  generally 
occurs. 

10.  Trichinopoly  and  South  Aecot.— The  only  buildings,  properly  so 
called,  for  which  stone  is  employed  by  the  natives,  are  the  lower  portions  of  the  largo 
native  temples,  for  which  gneiss  alone  is  used,  whatever  bo  their  situation  ;  and  the 
small  village  kovils  and  ckuUrums  (or  native  rest-houses),  which  are  constructed 
usually  of  the  stone  nearest  at  hand,  on  the  cretaceous  rocks,  generally  of  some  form 
of  limestone.  A  large  quantity  of  roughly  hewn  stone  is  also  employed  by  the  natives 
for  revetting  the  inner  slope  of  the  larger  tank  bands,  and  for  constructing  the  Aa/iV 
gultu,  or  waste-weirs,  as  well  as  for  walling  the  large  rectangular  irrigation  wtUs  or 
honlies  when  sunk  in  loose  ground. 

The  Cretaceous  Limestones  though  not  very  durable  are  quarried  to  a  considerable 
extent,  for  the  construction  of  small  village  pagodas  and  chuttnims.  The  chief 
locality  from  which  stone  for  this  purpose  is  procured,  is  the  ridge  at  the  base  of  the 
Octatoor  group,  which  extends  from  Forawoy  to  Yylapandy ;  much  is  also  obtained 
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from  the  ridges  of  ooral-reef  and  wdimentary  limestones,  similarly  sitoated,  at  Assoor, 
Maravottoor,  Cnllpandj,  Sirgumpoor,  Varaganpady,  and  many  other  places  further 
to  the  southward.  The  ridge  of  shell  limestone  at  Garoodamangalum  and  Alnnda- 
napnram,  is  another  favourite  locality,  and  indeed  wherever  a  band  of  limestone  or 
calcareous  grit  crops  out,  heaps  of  fi'agments  and  lines  of  wedge  holes  show  that  the 
spot  is  ogcasionally  resorted  to  by  the  native  quarrymen. 

These  limestones  are  of  varions  degrees  of  purity.  Specimens  of  the  coral-reef 
limestones,  analysed  by  Mr.  Tween,  gave  from  95  to  98  percent  of  carbonate  of  lime. 
The  Olapaudy  limestone,  is  somewhat  leas  pure,  and  some  of  the  calcareous  grits, 
such  as  those  in  the  upper  part  of  the  Octatoor  group,  between  Kolakhaunutum  and 
Shutanure,  do  not  contain  probably  more  than  20  per  cent  of  calcareous- matter.  The 
coral-reef  and  purer  sedimcntery  limestones  are  tolerably  compact,  but,  as  may  be  seen 
in  the  coping  stones  and  drip  stones,  and  the  exposed  mouldings  of  kotnU  built  of 
these  rocks,  they  are  but  ill*qualificd  for  exposed  exteriors,  where  they  rapidly  yield 
to  the  heavy  tropical  rains.  These  stones  being  soft  and  easily  worked,  are  used 
to  a  considerable  extent  by  the  natives  of  the  district  for  ricc-morters  and  water 
troughs. 

The  Sandstonet  of  the  Cnddaloro  group  are  quarried  to  a  small  extent  at  Yclur, 
near  VerdachcUum,  and  at  Vellumpaleyan,  on  the  bank  of  the  Guddalum.  The  stone 
is  compact,  moderately  fine  in  grain,  and  being  jointed  in  two  directions,  is  easily 
quarried.  It  is  worked  for  the  household  purposes  above-mentioned,  and  is  also  used 
to  some  extent  for  dry  walling.  The  mile-stones  on  the  roads  about  Verdacheilum 
are  also  made  of  this  stone.  It  appears  to  be  well  adapted  for  building,  but  I  am  not 
aware  that  it  has  ever  been  employed  for  this  purpose. 

Laterite  is  largely  used  for  building  wherever  it  occurs.  Its  chief  localities  are 
at  VuUam  in  Tanjore,  and  Strimustrum,  in  the  N.E.  of  Trichinopoly.  I  have  also 
noticed  it  at  several  places  between  Tangorc  and  Trichinopoly,  and  at  Andana- 
pet,  to  the  east  of  Verdacheilum,  and  it  probably  covers  a  great  part  of  the  Cnddaloro 
sandstones  concealed  beneath  the  red  soil.  At  VuUam  it  is  cut  with  chisel-pointed 
crowbar,  into  blocks  2  feet  6  inches  long,  1  foot  wide,  and  6  inches  thick.  It  is  when 
first  extracted,  a  flaky  ferruginous  sandy  clay,  and  rather  friable,  but  when  exposed 
for  some  months  to  the  action  of  the  rain  and  sun,  as  is  usually  the  case  before  it  is 
used  for  building,  it  hardens  and  becomes  covered  with  a  dark  polished  encrustation 
of  hydrated  oxide  of  iron,  which  protects  it  from  further  change,  and  resists  the  decay 
of  the  stone,  however  long  it  may  be  exposed.  At  Vullam  it  is  much  used  by  the 
natives  in  building  their  houses,  in  preference  to  brick,  and  the  Vellaur  anient  at 
Chetia-tope,  near  fihonagiri,  is  built  in  part  of  this  rock  quarried  at  Strimustrum. 

11,  NiLOiRi  HiiLS. — Almost  the  only  article  of  any  economic  value  furnished 
by  the  crystalline  rocks  of  the  Nilgiries  is  stone,  whether  for  the  purposes  of  build- 
ing or  road  making.  The  various  forms  of  the  gneissose  rocks  are  abundantly 
obtainable  for  either  of  these  purposes,  but  for  the  former  they  have  been  hitherto 
extremely  neglected,  the  only  building  in  which  stone  has  yet  been  employed  being  a 
private  honse  in  Ootacamund,  which,  from  its  singularity  in  this  respect,  is  generally 
known  as  *^  Stonehouse."  The  reason  for  this  preference  of  brick  over  stone  is  un- 
doubtedly its  comparative  cheapness ;  the  advantages  of  the  superior  durability  of  the 
latter  material  and,  what  on  the  Nilghiries  is  a  matter  of  no  small  importance— its 
dryness— have  been  sacrificed  to  a  present  saving  in  cost 
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In  many  parti  of  Myioro,  the  foliated  rocks  exhibit  a  great  tendency  to  scale  off 
in  large  slabs,  varying  from  a  few  inches  to  one  or  tvro  feet  in  thickness  ;  and  as  this 
variety  of  the  rock  is  very  free  from  vertical  joints,  long  narrow  post-shaped  blocks 
and  slabs  of  various  sizes,  arc  readily  cut  by  means  of  a  row  of  iron  wedges  driven 
into  holes  previously  cut  with  the  chisel.* 

On  that  part  of  the  hills  east  of  Billicnl,  which  overlooks  the  Mysore  conntry, 
gneiss  of  somewhat  similar  structure  occurs  ;  and  again  on  the  Lovcdalc  flank  of 
Elk  Hill,  near  Ootacamund  ;  in  the  Kaitec  valley  ;  and  very  extensively  on  the 
northern  escarpment  of  the  Dodabetta  range.  In  these  localities,  the  slabs  are  in 
most  cases  much  thicker  than  those  quarried  in  Mysore. 

The  rocks  of  the  Nilgiries  are  but  rarely  well  jointed,  and  when  they  are  so 
the  stone  appears  to  have  a  greater  tendency  to  decompose  in  consequence.  There 
arc,  however,  one  or  two  localities  on  the  Coonoor  road  where  the  rock  is  advantage- 
ously jointed  for  quarrying  purposes,  and  large  blocks  of  a  more  or  less  rectangular 
form  might  be  obtained.  The  gneiss  of  the  Enndahs,  especially  in  the  neighbour^ 
hood  of  Sispara,  is  very  finely  jointed,  but  the  great  distance  of  that  locality  from  the 
inhabited  part  of  the  hills  and  difficulty  of  transport,  preclude  the  possibility  of  work- 
ing the  stone  profitably. 

fiy  far  the  most  valuable  of  the  crystalline  rocks  described  in  this  memoir  is  the 
Zmestane  near  Coimbatoor,  which  was  first  discovered  by  Dr.  Cornish,  the  Civil 
Surgeon  at  Coimbatoor.  This  stone  might  not  only  be  employed  for  the  manufacture 
of  lime  of  great  purity,  but  moreover  owing  to  its  softness  and  its  non-liability  to 
decompose,  might  be  advantageously  used  as  building  stone,  except  for  such  parts  of 
a  structure,  as  present  sharp  angles,  and  are  at  the  same  time  exposed  to  much  mecha- 
nical wear.  Being  moreover  susceptible  of  a  high  polish,  and  very  transparent,  it 
would  afford  a  very  beautiful  material  for  internal  decoration,  the  effect  of  which 
would  be  enhanced  by  the  judicous  selection  of  slabs  of  various  tints.  Pink  and  gray 
occasionally  approaching  white,  are  the  prevailing  colours  of  the  stone. 

12,  Madras  Stones. — From  the  Indian  Journal  of  Art,  Science, 
and  Manufacture  for  1856. 

Oranites.~-'ThG  granites  occur  of  three  distinct  periods  of  formation  ;  the  oldest 
being  composed  of  very  large  masses  or  crystals  of  felspar,  quartz,  mica  and  horn- 
blende. In  many  parts  of  southern  India  these  granites  form  the  low  undulating 
rounded  hills  or  level  country  at  the  base  of  the  hills.  The  felspar  and  mica  are  for 
the  most  part  decaying  and  soft,  the  quartz  and  hornblende  arc  little  altered.  These 
granites  have  been  followed  by  the  upheaving  of  a  small  grained  series,  composed 
chiefly  of  sienites  and  pegmatites,  which  are  of  a  more  compact  and  durable  nature. 
Many  of  the  rocks  of  this  class  are  very  ornamental  and  well  suited  for  building  pur- 
poses. In  some  localities  they  partake  of  the  tabular  character  of  gneiss,  but  are 
often  destitute  of  mica.  The  most  recent  granites  are  of  a  still  finer  grain,  and  in 
a  few  localities  they  resemble  sandstones,  but  the  constituents  can  be  detected  with  the 
aid  of  a  lens,  the  felspar  being  in  smallest  proportion  and  the  quartz  and  mica  in  excess. 

Trap  and  Greefisione, — Nearly  allied  this  last  class,  are  the  trap,  quartzose  and 

*  In  Mysore  the  electric  telegraph  wire  ie  "apported  on  stone  posts  of  this  description  npwards  of 
twenty  feet  in  length,  and  averaging  about  nine  inches  Bqtuoe  in  section. 
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C^reenstone  rocks,  which  are  very  namerons  and  pass  into  each  other.  Rocks  of  ibis 
class  are  moch  used  by  the  natives  for  bailding  and  paving  purposes. 

Sandstone  and  f^hetttone^ — A  very  widely  disseminated  class  of  formations  belongs 
ing  to  the  transition  periods  are  the  sandstones,  grits,  whetstones,  slates,  and  soft 
shales,  resembling  tripolL  These  occur  in  very  great  abundance  along  the  base  of 
the  Eastern  Ghats,  and  in  most  of  the  ranges  of  granite  hills  in  Mysore,  Cnddapah, 
and  the  Ceded  Districts.  In  some  localities,  as  in  south  Arcot,  Nellore,  and  Cnd« 
dapah  the  beds  of  sandstone  are  of  enormous  thickness,  yielding  freestones,  whetstones, 
and  polishing  shales  of  every  variety  of  colour  and  hardness.  In  the  Nellore  District 
the  sandstones  are  impregnated  with  emery  and  iron  ore ;  at  Nellore  and  parts  of  the 
Ceded  Districts  they  are  of  a  slaty  fracture,  hard  and  silicions  ;  at  Sadras,  Tripetty, 
Cuddapah,  Bangalore,  Soondoor,  and  Kaludgee,  they  are  of  a  softer  nature,  being 
frequently  associated  with  tripoli.  At  Sadras  the  sandstones  are  accompanied  by 
alluvial  ochrey  pumice  and  bituminous  wood. 

Slates, — The  slates  of  southern  India  are  for  the  most  part  coarse,  soft  and 
aluminous.  A  blue  slate  well  suited  for  paving  purposes  and  for  cook-room 
tables  occurs  near  Cnddapah.  Green  alum  slate  occurs  at  Woontimetteh,  and  hard 
black  and  yellow  slates  conteining  large  quantities  of  iron  pyrites  at  Nundial,  and 
near  Eumool,  in  the  Ceded  Districts. 

Diamond  Sandstone  and  ^r^ccta^.— Another  interesting  class  of  formations  near- 
ly  allied  to  the  last  are  the  diamond  sandstones  and  breccias.  These  cover  large 
tracte  of  country  in  the  Masulipatam,  Hyderabad  and  Cuddapah  Districto.  The 
sandstones  are  mostly  fine  grained,  hard  and  quartzose,  being  frequently  coated  by 
layers  of  iron  ore  and  sesquioxide  of  manganese.  The  breccias  are  often  very  hard 
and  of  all  shades  of  colour. 

Magnesian  Minerals. — Magncsite,  steatite,  and  serpentine  are  abundant  in  several 
districte.  Precious  serpentine  occurs  near  Seringapatem,  and  in  small  quantities 
along  with  the  softer  kinds  at  Chittoor. 

Marbles, — Marbles  and  compact  limestones  are  found  in  great  abundance  in 
southern  India.  The  large  grained,  primitive,  and  highly  crystalline  varieties  at 
Courtellum,  Tinnevelly,  Salem,  Madura  and  Nellore. 

Limestones.'— The  fine  grained,  compact,  secondary  limestones  occupy  extensive 
tracte  of  country  through  the  Ceded  Districte,  Guntoor,  Masulipatam,  Hyderabad, 
and  the  Southern  Mahratta  country.  Fossil  limestones  are  found  at  Cape  Comorin, 
Ootatoor,  Fondicherry,  Seedrapett,  Trivacary  and  Sadras.  Varieties  of  blue,  gray, 
and  black  mountain  limestones  occur  in  several  parte  of  the  Presidency. 

18.  The  Rajmalial  hills  in  Bengal,  the  rocks  of  Central  and  Western 
India,  and  many  other  localities  also  containmany  varieties  of  stone  suitable 
for  building  purposes,  but  there  are  no  detailed  accounts  of  them  available. 

Punjab  Stonbs. — (From  Report  of  the  Punjab  Exhibition  of  1864). 

From  Sahi  Balabgarh,  in  the  Delhi  district,  there  is  a  good  collection  of  building 
materials,  which  includes  the  red,  the  spotted  and  the  light-coloured  sandstone,  so  much 
used  in  the  large  buildings  of  Hindusten  ;  and  from  the  same  place  are  polished 
blocks  of  white  marble,  and  of  a  pretty  dappled  gray  marble  (called  Namaul  marble) 
which  last  is  also  exhibited  from  the  Hisaar  District 
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From  the  Kangra  District  there  are  gray  limestone,  sandstone  of  two  sorts,  (both 
good  for  bnilding,)  and  granite.  Sent  from  Madhopore,  is  some  nice  workable  sand- 
stone which  must  come  from  the  hills,  above  that  place.  From  Kashmere  there  is 
some  black  marble  and  some  polished  slabs  of  serpentine,  which  is  fonnd  at  Tashgam 
in  little  Thibet. 

From  the  Salt  Range  ( Jhelnm  and  Shahpoor  Districts)  there  are  good  building  stones, 
sandstone  and  calcareous  sandstone ;  from  Jhelnm  are  specimens  of  marble  which 
might  become  nsefal  for  building  ;  among  this  series  must  be  counted  the  gypsum  or 
alabaster  of  the  same  hills  (sometimes  wrongly  labeled  soapstone,  or  marble).  The 
harder  varieties  of  this  might  be  used  for  interior  decorations,  while  the  general  run 
is  fit  for  making  plaster  of  Paris,  of  which  there  is  one  specimen  from  Sbahpoor. 
From  Dera  Ismael  Khan,  there  is  only  some  soft  white  limestone,  from  Kohat  a 
cellular  limestone,  used  in  rubble  masonry  ;  while  from  Attock  are  two  or  three  kinds 
of  stone,  calcareous  sandstone,  a  variegated  limestone,  granite  and  sienite  ;  there  is 
also  yellow  marble  from  Feshawur,  and  argillaceous  limestone  from  A  bbottabad. 

Thte  series  of  slates  exhibited  are  very  fine.  There  is  one  immense  slab,  12  feet 
long,  from  the  Dalhonsie  quarries.  The  slates  are  some  of  them  mixed  and  veined 
like  marble ;  they  are  generally  of  a  bluish-gray  tint  not  inclining  to  purple,  nor 
have  they  the  fine  texture  of  Welsh^slates,  being  much  more  schistose.  They  are  ascd 
universally  in  the  hills  both  for  flooring  and  roofing  purposes.  The  cutting  of  slates 
for  roofing  purposes  is  somewhat  costly,  and  even  at  the  qnarrics  they  fetch  a  high 
price.*  Occasionally  they  are  brought  to  the  plains,  when  an  enterprizing  contractor 
undertakes  such  a  task,  otherwise  slate  is  but  seldom  met  with. 

In  the  E^hattak  hills,  on  the  N.  W.  frontier,  and  in  the  Karrakpnr 
hills,  in  Bengal,  excellent  beds  of  slate  are  also  fonnd,  suitable  for  flooring 
or  roofing. 

The  Sylhet  limestone  in  the  Khasia  hills  (N.E.  Bengal)  is  well  known, 
but  it  is  principally  used  for  burning  into  lime. 

The  Red  sandstones  of  Agra  and  Bbartpur  were  much  used  by  the  old 
Moghul  builders  at  Delhi,  Agra,  &c.,  and  being  easily  worked  and  dura- 
ble are  very  suitable  for  ornamental  architecture. 

The  Quartzose  Bock  of  Delhi  is  a  most  durable  and  valuable  building 
material,  although  very  intractable.  The  famous  **  Kutab  Minar,"  now 
more  then  six  centaries  old,  gives  satisfactory  evidence  of  the  durability 
of  the  material  of  which  it  is  composed.  The  body  of  the  pillar  is  made 
up  of  the  strong  quartz  rock  found  abundantly  in  the  neighbourhood, 
and  which,  from  its  compactness  and  highly  crystalline  character,  shielded 
as  it  is,  moreover,  from  direct  atmospheric  influence,  will  remain  undeteri- 
orated  till  the  outer  «hell  has  been  reduced  to  dust.  It  is  encased  in 
sandstone  of  a  fine  and  equal  grain,  very  much  resembling  in  this  respect 

*  Afl  Ugh  as  As.  8  per  100. 
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the  Bhartpnr  and  Ruphas  stone.  It  is  liver-colonred,  with  mimerous, 
chiefly  round,  cream-coloured  spots,  proceeding  from  the  section  of  a 
spheroidal  mass  of  that  colour. 

14.  The  greater  portion  of  Central  and  Western  India  is  covered  by 
an  immense  overflow  of  trap,  so  extensive  indeed  as  to  embrace  an  area  of 
something  like  160,000  square  miles  (about  the  size  of  France).  Trap  or 
basalt  (vide  antep'  4)  is  an  augitic  lava  generally  consisting  of  about  46 
silica,  16*5  alumina,  9  lime,  20  oxide  of  iron,  and  3  or  4  soda.  Trachyte 
is  a  felspathic  rock.  Between  trachyte  and  basalt  are  innumerable  varie- 
ties depending  on  the  proportions  of  augite  and  felspar,  and  on  the  admix- 
ture of  olivine,  oxide  of  iron,  hornblende,  quartz,  and  many  other  minerals. 
Trap  or  basalt  is  largely  used  in  Bombay ;  it  can  be  obtained  in  large 
blocks  :  those  prepai'cd  for  the  lighthouse  are  25  cubic  feet,  and  weighing 
nearly  3  tons.  A  description  of  the  masonry  in  this  trap  country  is  given 
by  Mr.  Horace  Bell,  C.E.,  in  an  article  in  the  ''  Professional  Papers  on 
Indian  Engineering,"  [Second  Series,  Vol.  I.,]  from  which  the  following 
remarks  are  extracted :— • 

It  would  be  difficalt  to  give  any  general  description  of  the  appearance  of  trap.  It 
incladea  a  great  yariety  of  difEerent  looking  and  differently  raloable  rocks  of  all 
colonrs  and  degrees  of  hardness.  One  maj  see  yellow  trap  (Coorla,  Bombay,)  bine, 
red,  pink,  green,  gray  and  spotted  (amygdaloid)  $  bat  I  need  not  say  that  coloor  is  no 
guide  to  the  engineer  in  selecting  a  stone.  Neither,  indeed,  is  locality  ;  for  one  ridge 
within  a  square  mile  may  yield  a  stone  which  will  disintegrate  almost  literally  into 
mud  in  the  first  monsoon,  while  another  ridge  close  by  may  afford  a  stone  sudi  as'I 
hare  seen  in  some  old  temples  on  which  the  tool  marks  are  clearly  seen  after  being 
built  about  1200  years.  In  effect,  the  selection  of  stone  for  a  work  of  any  perma- 
nence, or  that  more  particularly  has  to  carry  a  heavy  load,  is  one  of  the  most  responsi- 
ble duties  of  the  engineer  in  a  trap  conntry.  Generally,  the  hardest  stone  may  be 
assumed  to  be  the  most  durable,  though  this  is  not  always  the  case ;  as  for  instance, 
basalt  which  has  a  columnar  structure,  may  come  out  of  a  quarry  seemingly  hard 
enough  for  any  work,  but  which  will  be  in  fragments  in  perhaps  a  few  months  after 
exposure.  The  prominent  feature  in  trap  or  basalt  is  its  hardness,  and  what  may  be 
called  intractability,  and  it  is  this  that,  making  it  so  cruelly  difficult  and  expensive 
to  work,  tempts  both  contractor  and  engineer  to  seek  a  soft  and  frequently  unreliable 
stone.  With  but  few  exceptions,  I  have  noticed,  that  the  cellular  and  amygdaloidal 
traps  are  the  most  liable  to  disintegration,  so  also  are  those  that  have  a  rusty-gray 
colour*  on  fracture.  The  best,  I  should  consider,  to  be  the  bluish-green  basalt,  which 
is  very  hard  and  heavy,  having  a  specific  gravity  about  8*00,  and  which  rings  like  a 
metal  on  being  struck.  But,  as  £  have  before  said,  there  is  no  reliable  guide  in  colour 
or  appearance,  and  the  only  safe  test  is  the  old  one  of  finding  out  old  buildings  and 
quarry  faces,    failing  these,  which  may  not  be  always  found,  one  most  trust  to  the 

*  From  oiide  of  Iron. 
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experience  of  othen.or  to  chance  to  settle  the  matter.  It  vonld  be  nseless  here  to 
give  the  names  and  characters  of  the  very  namerons  rocks  which  we  may  inclade  on- 
dcr  the  term  trap.  It  is  sufficient  for  as  to  recognise  the  fact  of  the  great  nomber 
of  different  materials  to  bo  fonnd  in  the  trap  area,  and  to  be  wary  in  using  any  one 
that  has  not  establised  a  character  already  for  dorability. 

I  give  here  a  small  table  of  some  experiments  I  made  to  determine  the  absorption 
of  some  kinds  of  trap  rock  compared  with  other  well  known  materials. 
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Light  gray        ditto,         ditto. 
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1 5.  Soiability  of  Stone8.— The  appearances  wliich  indicate  probable 
durability  have  already  been  mentioned  in  describing  particular  kinds  of 
Btone ;  but  they  are  often  deceptive. 

On  test  of  the  prohable  comparative  durability  of  stones  of  the  sanie 
kind  is  the  smallness  of  the  weight  of  water  which  a  given  weight  of  stono 
is  capable  of  absorbing  a  test  exhibited  in  the  preceding  Table  : — 

The  following  are  examples  of  the  absorption  of  some  English  Bocks  : 

Granite  absorbs  one  part  of  water  in  from  80  to  700  of  stone. 
Gneiss  „  „  „  „       about  40 

Clay  slate      „  „  „  „       80  to  700 

Sandstone  (strong,  Yorkshire)  „       80  to  60        „ 

Another  test  of  probable  comparative  durability  (invented  by  M.  Brard) 
is  to  imitate  the  disintegrating  action  of  frost  by  means  of  the  crystalliza- 
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tion  of  fiolpbate  of  fioda,  and  weigh  the  fragments  so  detached  from  a 
block  of  a  giyen  size  and  snrface  in  a  given  time. 

The  only  snre  test,  however,  of  the  durability  of  any  kind  of  stone,  is 
experience ;  and  the  engineer  who  proposes  to  use  stone  from  a  particular 
stratum  in  a  particular  locality,  in  any  important  structure,  should  care* 
fully  examine  buildings  in  which  that  stone  has  been  already  used,  especial- 
ly those  of  old  date. 

The  great  difference  which  may  exist  in  the  durability  of  stones  of  the 
same  kind,  and  presenting  little  difference  in  appearance,  is  strikingly  ex- 
emplified at  Oxford,  where  Christ  Church  Cathedral,  built  in  the  twelfth 
or  thirteenth  century,  of  oolite  from  a  quarry  about  15  miles  away,  is  in 
good  preservation,  while  many  Colleges  only  two  or  three  centuries  old, 
built  also  of  oolite,  from  a  quarry  in  the  neighbourhood  of  Oxford,  are 
rapidly  crumbling  to  pieces. 

The  effect  of  diversities  of  climate  also  is  exhibited  in  the  present 
condition  of  the  Obelisk  of  Luxor,  which,  brought  from  upper  Egypt  to 
Paris,  has  become  blanched  and  full  of  small  cracks  during  the  forty 
years  it  has  stood  on  the  Place  de  la  Con6orde  :  although  forty  centuries 
had  not  perceptibly  affected  it  as  long  as  it  was  in  Egypt. 

16.  Preservation  of  Stone.— The  decay  of  all  natural  building  stones 
is  the  combined  effect  of  various  causes  :  dust,  spiders'  webs,  the  action 
of  rain.  Lepra  antiquitatia,  (a  minute  lichen,  which  is  one  of  the  worst 
enemies  of  stone,)  hasten  the  decay  of  stone,  especially  of  those  parts 
where  any  sculpture  or  ornamental  carving  promotes  the  deposition  of  dirt 
and  dust.  The  various  processes  which  have  been  tried  or  proposed  for 
the  preservation  of  naturally  perishable  stone,  all  consist  in  filling  tho 
pores  of  the  stone  at  and  near  its  exposed  surface  with  some  substance 
which  shall  exclude  air  and  moisture.  In  every  case  the  surface  of  the 
stone  should  be  prepared  to  receive  the  preserving  material,  by  expelling 
the  existing  moisture  as  completely  as  possible ;  and  this  is  easily  done  by 
the  aid  of  a  portable  furnace  containing  burning  coke  or  charcoal.  The 
principal  preserving  materials  are  the  following  :— 

Bituminous  matter,  such  as  coal  tar,  is  very  efficient,  but  unsightly  from 
its  colour.  It  is  possible,  however,  that  a  colourless  or  light-coloured 
bituminous  substance,  suited  for  the  preservation  of  stone,  might  be  pre- 
pared by  dissolving  *'  paraffine"  in  pitch-oil,  or  by  some  such  process, 

DryiTig  Oilf  such  aa  linseed  oil,  either  unmized|  or  aa  an  ingredient  o£ 
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painty  proteots  tbe  stone  for  a  time ;  bat  it  is  gradually  destroyed  by 
the  oxygen  of  the  aLr,  so  that  it  reqoires  renewal  from  time  to  time ; 
and  it  injores  the  appearance  of  the  stone. 

SUkaU  o/Fotaahf  or  soluble  glass,  is  applied  in  a  state  of  solution  in 
water,  either  alone  or  mixed  with  silica  in  fine  powder.  It  gradually 
hardens,  partly  through  the  eraporation  of  its  water,  and  partly  through 
the  removal  of  the  potash  by  the  carbonic  acid  of  the  air. 

Silicate  of  Lime  is  produced  by  filling  the  pores  of  the  stone  with  a 
solution  of  silicate  of  potash  or  soda,  and  then  introducing  a  solution  of 
chloride  of  calcium,  or  of  nitrate  of  lime.  The  chemical  action  of  the 
two  solutions  produces  silicate  of  lime,  which  forms  an  artificial  stone, 
filling  the  pores  of  the  natural  stone,  together  with  chloride  of  potassium 
or  nitrate  of  potash,  as  the  case  may  be,  which  salts,  being  soluble  in 
water,  are  washed  out. 

The  efficiency  of  the  last  two  processes,  and  of  various  modifications 
of  them,  has  of  late  been  much  contested.  Time  and  experience  only 
can  show  their  real  merits. 

Black  Oxide  of  Copper  and  its  salts  have  been  used  in  many  places, 
and  the  length  of  time  which  elapsed  since  their  application  seems  to 
warrant  the  conclusion  that  their  compounds  act  as  preseryatiyes  of  stone. 

17.  Artifleial  8tone.^-The  idea  that  stone  could  be  cheaply  produc- 
ed by  artificial  means,  and  moulded  to  any  form  required  has  gradually 
forced  itself  upon  the  minds  of  modem  inventors,  and  has  borne  fruit  in 
a  large  number  of  processes  more  or  less  practical  and  adapted  to  secure 
the  end  in  view  :  whidi  however  can  be  but  briefly  noticed  here  by  the 
mention  of  one  or  two  only  of  the  various  methods  in  use.  PerhajM  the 
best  known  of  them  is  the  celebrated  Ransome  process.  Ransome's 
patent  silicious  stone  has  been  lately  imported  into  Bengal,  and  used  in 
the  Nawab's  new  palace  at  Murshedabad,  where  its  beauty  and  utility 
have  been  highly  commended. 

The  following  is  an  account  of  the  process  of  manufacture :  (whicb  was 
lately  regularly  carried  on  in  Bombay,  by  Mr.  Pye  Smith,  Ransome's 
Agent,  in  the  Reclamation  Workshops,  and  the  stone  used  for  mould- 
ings of  the  Post  office  and  other  public  buildings  :)— 

The  material  is  made,  by  preference,  of  finely  sifted  dry  sand.  A  small 
proportion  of  pulverized  stone  is  added  to  the  sand,  to  give  the  silicate 
of  lime  produced  in  the  manufacture  the  necessary  closeness  of  surface 
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for  its  eementbg  aotion.  To  dvery  bushel  of  the  mixture  about  one  gallon 
of  prepared  Bilicate  of  Boda  (melted  flint)  is  added,  and  the  whole  mass 
is  then  thoroughly  mixed  and  incorporated  in  a  simple  mill,  from  which  it 
is  taken — a  pntty-like  plastic  substance — ^in  a  fit  condition  for  the 
moulds.  The  mixture  of  each  charge  of  the  mill  occupies  only  from 
three  to  four  minutes,  and  is  remarkably  complete. 

The  moulding  is,  for  the  greater  part,  done  in  wooden  moulds,  but  in 
some  cases  metal,  and  in  others  plaster  of  Paris  is  employed.  The  pre- 
pared mixture  is  pressed  into  the  mould  by  means  of  suitable  tools 
provided  for  that  purpose.  A  pecuKarity  of  this  material  is  that  mould- 
ings retain  the  precise  form  in  which  they  emerge  from  the  mould,  with- 
out enlargement,  contraction,  cracking,  or  warping,  which  is  not  the  case 
with  materials  that  are  burnt. 

The  men,  when  they  haye  taken  their  work  from  the  moulds,  place  it 
upon  a  bench,  where  by  means  of  a  flexible  hose,  it  is  drenched  with  a 
solution  of  chloride  of  calcium,  in  a  cold  state.  The  chloride  of  calcium 
acts  rapidly  upon  the  silicate  of  soda,  and  solidifies  the  mass.  The  cast- 
ings are  next  conyeyed  upon  trucks  to  the  adjoining  room,  where  they  are 
immersed  in  cisterns  containing  a  solution  of  chloride  of  calcium  haying 
a  specific  gravity  of  about  1*4,  and  a  temperature  of  about  212^.  The 
chemical  action  between  the  silicate  of  soda  and  the  chloride  of  calcium 
is  consummated  in  this  stage,  and  results  in  the  formation  of  what  is 
thought  to  be  an  insoluble  silicate  of  lime,  which  envelopes  and  joins  all 
the  particles  of  sand,  gravel,  chalk,  detritus  of  stone,  or  other  mineral 
base,  of  which  the  block  or  casting  is  composed.  After  the  work  has 
been  thoroughly  saturated  by  the  boiling  calcium,  all  that  remains  to  con« 
plete  the  process  is  to  wash  away  the  chloride  of  sodium,  or  common 
salt,  which  has  been  evolved  by  the  combination  of  the  sodium  with  the 
chloride.  This  is  done  by  means  of  troughs  with  perforated  bottomsi 
that  discharge  a  copious  shower-bath  upon  the  castings.  This  part  of 
the  process  must  be  very  carefully  carried  out,  for  if  a  stone  saturated 
with  chloride  of  sodium  is  allowed  accidentally  to  dry,  it  will  immediate- 
ly split  up  :  and  if  this  salt  be  not  thoroughly  removed  by  the  washing 
process  from  the  stone  before  it  is  allowed  to  leave  the  factory,  the 
surface  of  the  stone  will  disintegrate. 

Some  experiments  have  been  made  to  show  the  strength  of  the  concrete 
stonci  as  to  its  power  to  resist  both  pressure  and  tension.    A  4-inoh  cube, 
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made  fourteen  days  preyiottsly,  remained  intact  nnder  85  tons,  and  was 
crashed  by  40  tons.  A  second  cnbe,  of  the  same  size  and  age,  was  dam- 
aged at  the  edges  by  85  tons,  and  was  crashed  by  44  tons.  Of  its  strength, 
however,  there  is  no  doabt.  The  qaestion,  of  coarse,  is  what  effect  long 
exposare  to  atmospherio  changes  and  the  weather  may  have. 

In  the  manofactare  of  this  stone  at  Bombay  by  Lieat.  Dacat,  R.E., 
the  best  results  were  obtained  by  adding  6  parts  of  sand  to  2  parts  of 
white  clay  or  moorum.  This  was  mixed  in  a  Bansome's  mill  for  10 
minutes,  moulded,  and  immersed  in  chloride  of  calcium  for  40  hours, 
boiled  for  4  hours,  and  allowed  gradually  to  cool.  It  was  then  washed 
for  72  hours  in  running  water  and  dried. 

There  seems  no  reason  to  doubt  that  this  material  could  be  successfully 
prepared  in  numerous  localites  in  India  :  but  the  question  of  cost  has  not 
been  yet  satisfactorily  solved.  Up  to  1870  the  stone  made  at  Bombay, 
had  been  turned  out  at  a  rate  of  Es.  8-8  per  cubic  foot,  but  Mr.  Pye 
Smith,  was  of  opinion,  that  it  would  hereafter  be  made  for  Rs.  5  per 
cubic  foot.  At  this  rate,  however,  it  could  not  compete  with  the  natural 
etone  at  Bombay. 

The  process  invented  by  M.  Sorel,  a  celebrated  French  Chemist,  pro- 
duces also  most  satisfactory  results.  It  is  a  sand  concrete,  having  for 
its  basis  the  use  of  oxychloride  of  magnesium  (a  new  cement  discovered 
by  M.  Borel). 

The  process  of  making  stone  by  this  method  is  as  follows  :— Natural 
magnesite— carbonate  of  magnesium — is  first  calcined,  which  reduces  it 
to  the  oxide  of  magnesium.  In  this  state  it  is  mixed  dry  in  the  proper 
proportion,  by  weight,  with  the  powdered  marble,  quartz,  sand,  or  what- 
ever material  forms  the  basis  of  the  stone.  It  is  then  wetted  with  bittern 
water,  which  converts  the  oxide  of  magnesium  into  the  oxychloride.  The 
now  semi-plastic  mixture  is  rammed  into  moulds,  where  it  speedily 
hardens  sufficiently  to  be  taken  out  and  laid  on  skids.  In  two  hour's 
time  the  stone  is  so  hard,  that  the  heaviest  rain  will  not  wash  the  comers 
off,  and  in  from  a  week  to  two  weeks  the  stones  may  be  marketed  and 
used.  These  stones  are,  according  to  good  authority,  capable  of  with- 
standing even  more  severe  weather  tests  than  natural  stones. 

The  Victoria  Stone  is  a  new  kind  of  i&rtificial  stone  invented  by  a 
clergyman,  the  Bev.  H.  Highton.  The  process  by  which  it  is  made 
consists  in  mixing  broken  granite  with  hydraalio  cement^  and  steeping 
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the  whole,  when  8et|  in  a  solution  of  silica.  The  granite  nsed  is  the 
refuse  of  the  quarries,  and  is  broken  up  at  the  works.  It  is  then  mixed 
with  Portland  cement,  in  proportions  of  four  granite  to  one  of  cement, 
sufficient  water  being  added  to  give  it  a  pasty  consistency.  In  this  state 
it  is  placed  in  moulds,  when  it  consolidates  in  about  4  days*  When 
taken  from  the  moulds  it  is  placed  for  2  days  in  a  solution  of  silicate 
of  soda  which  completes  the  process. 

The  silicate  solution  is  prepared  in  a  peculiar  manner,  and  upon  it  the 
success  of  the  operation  depends.  The  silicate  of  soda  has  the  property 
of  hardening  any  kind  of  concrete  in  which  lime  is  a  component.  This 
substance  has  been  hitherto  too  costly  for  general  use  in  artificial  stone 
manufacture,  and  it  becomes  caustic  by  the  absorption  of  its  silica,  so 
that  it  attacks  the  hands  of  the  workmen. 

Mr.  Highton  produces  his  solution  in  the  following  manner:  -^He  uses 
a  soft  kind  of  stone,  containing  25  per  cent,  of  silica,  found  at  Famham, 
in  Surrey,  England.  This  stone  readily  dissolyes  in  a  cold  caustic  soda 
solution. 

The  solution  of  soda  is  placed  in  the  tanks  used  for  steeping  the 
stone,  and  the  Fsmham-  stone  is  ground  and  added  to  the  bath.  The 
lime  in  the  artificial  blocks  remoyes  the  silica  from  the  solution,  which 
in  its  turn  takes  up  more  silica  from  the  Famham  stone,  and  so  maintains 
its  supply  of  silica,  thus  removing  the  objections  above  named. 

The  process  is  extremely  ingenious,  and  flagging,  sinks,  mantels,  coping, 
cap-stones,  sills,  &c.,  are  produced  by  it.  Finely  cut  mouldings  are  not  suc- 
cessfully produced,  and  it  seems  better  adapted  to  a  heavier  class  of  work. 

18.  Quarrying^ — The  Engineer  may  be  so  situated  in  this  country 
that  he  may  require  to  quarry  and  raise  his  own  stone ;  the  following 
observations  will  therefore  be  useful.  The  stone  found  near  the  surface, 
which  has  been  exposed  to  the  atmosphere,  is  not  so  sound  as  that  below, 
where  it  has  been  subjected  to  pressure,  and  where  consequently  it  will 
be  of  greater  density.  On  opening  a  quany,  the  first  consideration  is  how 
to  raise  and  deliver  the  stone  in  the  least  expensive  manner.  The  work 
should  therefore  not  be  begun  too  low,  but  an  excavation  made  in  the 
side  of  a  hill,  in  preference  to  the  top,  that  the  road  leading  to  and  from 
it  may  be  as  gentle  as  possible.  When  necessity  compels  the  after-deli- 
very £rom  below,  a  gentle  descent  should  be  cut  to  it,  to  assist  the 
draught  of  the  animals  employed,  if  machinery  be  not  available. 
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The  stone  is  found  in  beds  or  masseSi  and  <hi  close  inspeetian  will  h% 
found  snbdiyided  by  natand  joints  or  fissares,  at  wbicb  places  the  stone 
has  no  natural  adherion,  and  one  block  will  easily  part  from  another ;  and 
this  may  be  done  without  fracture  to  either,  if  conducted  with  care,  though 
the  first  block  of  all  must  be  sacrificed  by  either  blasting,  or  hammer  and 
steel  wedges,  in  order  to  get  out  the  contiguous  blocks.  The  vertical 
fissures  should  first  be  sought  for,  that  correspond  with  those  in  front^ 
and  the  size  and  position  of  the  contiguous  blocks  will  thus  be  exposedi 
leaying  it  for  determination  which  shall  be  the  one  sacrificed  to  enable  the 
adjoining  ones  to  be  got  out.  Steel  wedges  require  to  be  worked  with 
heavy  hammers  till  enough  of  one  stone  be  cut  away,  to  permit  the  removal 
of  the  block  required,  which  can  then  be  shifted  by  small  wedges  under 
and  on  the  undisturbed  side  of  it,  and  when  shifted,  can  foe  easily  re* 
moved  by  the  application  of  iron  crow-bars  or  levers,  raising  it  sufficiently 
to  get  rollers  underneath,  by  which  it  can  be  transferred  to  a  truck, 
running  either  on  a  rail  or  hard  prepared  surface. 

When  natural  fissures  do  not  exist,  or  smaller  blocks  are  required  than 
those  indicated  by  them,  such  fissures  must  be  made  artificially,  by  drilling 
a  line  of  holes  at  regular  short  intervals  in  the  direction  required.  A  row 
of  conical  steel-pointed  pins,  rather  larger  than  the  holes,  are  set  one  in 
each  hole,  and  struck  sharply  and  simultaneously  by  miners'  hammerS| 
which  will  produce  separation ;  but  where  the  cleavage  is  easy,  dry  hard 
wooden  pegs  may  be  driven  in,  which  if  not  successful  ^m  the  blows, 
may  be  made  to  swell  by  forming  a  bank  of  clay  round  them  capable  of 
holding  water,  when  the  necessary  effect  will  be  produced,  if  the  wood 
was  previously  quite  dry. 

Li  Madras,  granite  is  quarried  by  a  caste  of  men,  called  Wudders,  in  a 
very  rough  and  primitive  way.  Wood  is  piled  in  small  quantities  on  the 
surface  of  the  rock  and  is  kept  steadily  burning  for  some  hours,  when  the 
upper  layer  of  rock  expands  sufficiently  to  produce  a  separation  from  the 
substratum.  The  separation  is  accompanied  by  a  dull  bursting  sound,  and 
the  extent  of  the  severance  is  ascertained  by  a  series  of  a  taps  with  the 
crowbar,  the  response  of  which  is  conclusive  to  a  practised  ear.  The  next 
operation  is  to  break  up  this  loosened  bed  of  rock  into  fragments  of  a  con- 
venient size,  which  is  effected  by  dashing  down  a  huge  boulder  of  green- 
stone :  and  it  is  wonderful,  considering  the  clumsiness  of  the  method, 
with  what  success  the  Wv4d^9  turn  out  hf^ndsome  square  blocks  of  stone. 
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19.  BLABTnro.««-For  qaarrying  large  masses  of  stone  theproeess  of 
blasting  is  now  generally  resorted  to.  The  implements  used  in  blasting 
are  of  a  simple  character^  and  consist  of  ihejumpir,  with  which  the  holes 
are  made ;  the  $craper  or  spoofif  for  clearing  the  hole  of  the  chips  pro- 
duced ;  the  needUy  which  is  driven  into  the  charge  and  remains  while 
the  hole  is  filled  np  with  the  tamping,  so  that  when  ultimately  with- 
drawn a  channel  is  preserved  communicating  directly  with  the  powder. 
While  the  needle,  which  is  a  long  thin  copper  or  ir(m  rod,  remains 
in  its  place,  the  space  around  it  is  filled  up  by  means  of  the  t4xmping  bar 
with  clay,  &o. 

The  operations  which  constitute  the  entire  process  of  blasting  are,  boring 
the  holes,  loading  and  firing.  The  jumper  is  an  iron  bar  of  rariable  length 
according  to  the  depth  required  for  the  blast.  Its  two  ends  are  tipped  with 
steel,  formed  like  knife  edges,  their  length  across  depending  on  the  dia* 
meter  of  the  hole  for  which  they  are  to  be  used.  In  using  the  jumper,  one 
man  sits  down  on  the  rock  in  a  convenient  posture,  and  holding  the  lower 
part  near  the  bit,  he  guides  it  that  it  may  strike  fair  in  the  hole.  Another 
man  stands  upright,  aud  raising  the  jumper,  perhaps  a  foot  above  the  sur- 
face of  the  rock,  he  drives  it  forcibly  home.  At  intervals,  a  little  water  is 
poured  in,  by  which  the  rock  is  to  a  certain  extent  softened,  and  the  dust 
formed  by  the  jumper  is  made  of  a  pasty  consistency,  and  thus  more  easily 
removed.  For  the  purpose  of  doing  this,  a  metal  spoon  is  used,  consis- 
ting of  an  iron  rod  having  one  of  its  extremities  beaten  out  and  curved 
so  as  to  form  a  groove,  like  half  a  hollow  cylinder.  The  under  part  of 
this  is  closed  by  a  semi-circulwr  disc  on  which  the  mud  filling  the 
groove  rests. 

After  the  hole  has  been  sunk  to  the  proper  depth,  and  the  charge 
deposited,  it  must  be  tamped,  or  filled  in  again,  so  that  the  due  resistance 
may  be  offered  to  the  explosive  force  of  the  powder,  and  that  this  force 
may  be  directed  through  the  line  of  least  resistance,  which  is  measured 
from  the  centre  of  the  charge  to  the  nearest  surface  of  the  rook.  The 
best  material  for  tamping  is  burnt  clay  :  when  small  fragments  of  the  rock 
in  which  the  blasts  are  being  prepared,  are  used,  the  process  is  never  free 
from  the  danger  ef  striking  fire.*    Ant  hill  earth  forms  an  excellent  tamp* 

*  Molt  of  the  acdd Ate  that  ooonr  to  mlnen  arlie  from  the  flnt  Uows  of  the  tanpfag  ber  over  the 
charge:  to  obrlate  thia,  the  flnt  3  or  8  Inohee  of  the  tamping  ihoiild  be  mereljr  preaod  down  gently 
orer  the  wadding,  and  then  the  hazd  ramming  oommenoed  oyer  that ;  this  cannot  injure  the  efEecl 
of  theescploelon,aait  la  %90imii3;s  mSkatoi^Mu^ 
if  ■oytUngftblaoPMfottipoirvt 
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hkg :  failing  this  or  clay,  wet  sand  can  be  nsed,  wMe  dry  sand  is  the  worst, 
that  is,  offers  least  resistance  to  the  force  of  the  powder.  The  temping  bar 
is  a  heavy  brass  rod,  of  a  diameter  a  little  less  than  that  of  the  hole  in  which 
it  is  to  be  nsed,  and  slightly  tapering  at  the  extremities.  At  each  end, 
an  open  groove  is  formed  along  the  side,  to  admit  of  the  bar  being  nsed 
with  facility,  while  the  needle^  to  be  described  immediately,  is  placed  in  tho 
bole.  Brass  is  selected  for  tamping  bars,  to  avoid  the  risk  of  accidents 
from  the  charge  bemg  ignited  by  sparks,  which  wonld  be  strack  were 
iron  or  steel  to  be  employed.  In  nsing  the  bar,  the  tamping  material 
is  pat  into  the  hole,  in  small  quantities,  sufficient  to  fill  from  an  inch  to 
an  inch  and  a  half  at  a  time,  and  each  is  well  and  firmly  rammed  home 
by  successive  blows.  The  time  required  varies  with  the  material  used, 
and  the  quality  of  the  tamping  depends  much  on  the  dexterity  of  those 
employed. 

Through  the  tamping,  it  is  necessary  that  a  communication  with  the 
charge,  for  the  purpose  of  priming,  should  be  made.  This  is  done  by 
means  of  ihe priming  needle,  which  is  a  thin  metal  rod  having  a  loop  handle 
at  one  extremity,  and  pointed  at  the  other.  Copper  is  a  bad  material  for 
priming  needles  on  account  of  its  softness ;  those  of  iron  about  -^th  of 
an  inch  in  diameter  answer  better,  and  to  guard  against  accident  by  sparks 
being  struck  by  them,  they  may  be  tipped  with  brass.  In  using  the 
needle,  it  is  necessary  to  grease  it  well  before  the  tamping  is  commenced, 
and  to  turn  it  frequently  during  the  process,  since  the  friction  ultimately 
becomes  so  great,  as  to  cause  nearly  half  the  time  required  for  tamping 
to  be  consumed  in  withdrawing  the  priming  needle. 

The  space  occupied  by  the  priming  needle  is  filled  with  fine  powder 
(which  is  sometimes  confined  in  a  straw  or  fine  reed)  and  which  is  fired 
by  means  of  a  slow  match,  made  of  paper  or  linen  soaked  in  a  strong 
solution  of  nitre  or  gunpowder ;  and  this  must  be  so  arranged  as  to 
give  the  person  firing  it  time  to  retreat  before  the  powder  explodes. 

If  Bickford's  fuze  can  be  procured  it  is  much  safer  and  should 
invariably  be  used ;  in  this  case  the  priming  needle  is  not  employed : 
the  fuze  being  placed  in  the  centre  of  the  bore  while  the  tamping  is 
rammed  home  round  it.  In  extensive  operations,  when  a  heavy  charge 
or  series  of  charges  is  to  be  fired,  the  voltaic  battery*  is  now  generally 
employed.    A  good  blast  should  produce  a  smothered  (not  a  loud) 
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report,  and  the  mass  of  rock  should  be  thrown  down  without  being 
blown,  into  fragments. 

20.  Upon  the  judicious  selection  of  the  position  of  the  holes  will  in  a 
great  measure  depend  the  useful  effect  of  the  blast :  but  two  leading 
errors  are  committed  by  quarrymen  or  miners  in  general,  viz.,  selecting  an 
injudicious  position  for  the  charge,  by  which  the  action  of  the  powder 
is  exerted  in  the  direction  of  the  opening  where  it  was  introduced ;  and 
the  adopting  as  a  rule  for  the  sereral  charges,  to  fill  a  certain  number  of 
feet  or  inches  of  the  hole  bored,  usually  one-third  of  its  depth,  instead  of 
employing  given  weights  adapted  to  the  lines  of  least  resistance. 

The  line  of  least  resistance  is  that  line  by  which  the  explosion  of  the 
powder  will  find  the  least  opposition  to  its  yent  in  the  air.  This  need  not 
necessarily  be  the  shortest  line  to  the  surface :  as  for  instance,  a  long  line 
in  earth  may,  from  the  same  charge,  afford  less  resistance  than  a  shorter 
line  in  rock.  Supposing  the  material  in  which  the  explosion  is  to  take 
place  be  of  uniform  consistence  in  every  direction,  charges  of  powder 
to  produce  similar  proportionate  results  ought  to  be  as  the  cubes  of  the 
lines  of  least  resistance,  and  not  according  to  any  fanciful  depth  of  hole 
bored.  Thus,  if  4  ounces  of  powder  would  have  a  given  effect  upon  a 
solid  piece  of  rock  of  2  feet  thick  to  the  surface,  it  ought  to  require  13^ 
ounces  to  produce  the  same  effect  upon  a  piece  of  similar  rock  8  feet  thick ; 
that  is — 

Cnbe  of  2  feet  Charge  of  Cube  of  8  feet  ChflrM 

(line  of  least  powder  (line  of  least  ;«  ^!«fL 

resistance.)  m  ounces.  resistance.) 

as        8        is  to         4        so  is  27  to        18^ 

or,  what  is  the  same  thing,  half  the  cube  of  the  line  of  least  resistance 
expressed  in  feet,  will,  on  this  particular  datum,  be  the  charge,  in  ounces, 
as  follows :— 


lines  of  leaitn- 

Charge  of  powder. 

LInM  of  leMt  re- 

Charge  of  powder, 

itotaiice  in  f eet. 

Ibt.       01. 

■iBUnoe  In  f Mt. 

lbs. 

M. 

1 

0     oi» 

5 

• 

-      8 

"» 

2 

-        0      4 

6 

- 

-      6 

13 

8 

-        0    181 

7 

• 

-    10 

11* 

4 

.        2      0 

8 

. 

-    16 

0 

These  quantities  being  of  common  merchants'  blasting  powder  will  be 
found  adequate  for  any  rock  of  ordinary  tenacity ;  but  a  precise  datum 

*  To  10  amall  a  quantity  aa  }  onnoe  a  UtUe  esoeea  might  be  addedi  hut  |  oance  or  |  onnoe  moie 
will  be  ■nffident. 
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■honld  b«  uoertained  hj  a  fev  aotaal  experimente  on  tfae  psrticniBr  rock 

to  be  worked ;  thag,  with  a  2-feet  line  ' 

of  least  resistance,  (AB),  whether  4 

ounces,  or  6  oances,  or  8  enncee  are 

requisite  to  produce  a  good  effect;  with 

8-feet  line  of  least  resistance,  whether, 

18^  onnces,  or  18  ounces,  or  27  onnces, 

Ac.     On  the  reanlts  of  these  trials  a 

scale  maj  be  adopted  for  guide  in  the 

work. 

The  accoinpan^g  sketches  show  an  admirable  metliod  of  arranging 
blast-holes,  being  illustrations  of  the  mode  adopted  la  blasting  the  Uont 
Cenis  tanuel,  the  most  recent  and  grand  example  of  this  form  of  En- 
gineering. This  tunnel,  nearly  8  miles  in  length,  occnpied  12  ^eara  in 
eonstmction,  at  a  coat  of  about  £224  per  ranning  yard.  Not  a  single 
Bteam  engine  was  used  on  ths  work,  ererything  being  done  with  com- 
pressed air,  or  by  hydraolic pressure.  The  system  adopted  was  aa follows  :— 
A  hole  4}  inches  in  diameter  was  made  to  a  depth  of  abont  a  yard,  towards 

CBOaS  SECTION  OF  TBI  ADTAKCEO  OALLEBT. 


the  centre  of  the  drift,  but  rather  nearer  to  the  floor  than  to  the  roof. 
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f^t;  to  iiixtj  holes,  according  to  clrcam stances,  of  less  diameter,  but  of 
about  equal  depth,  were  then  drivea  into  the  remainder  of  the  face.     All 
the  boles  were  then  dried,  and  cleaned  by  jets  of  compressed  air,  the 
"  AffHt"  was  withdrawn  behind  strong  iron  bonnd  doors,  and  six  of  the 
email  holes  nearest  to  the  loi^e  one  were  charged  and  fired.     The  force 
of  the  explosion  went  in  the  direction  of  least  resistance,  that  was  toward 
the  centre  hole,  and  a  breach  was  made  such  as  is  indicated  in  the  longi- 
tudinal section,  by  the  tliick  dotted  line.    The  remaining  holes  were  then 
charged  and  fired  in  sets  of  six  or  eight  at  a  time,  those  nearest  to  the 
breach  being  exploded  first.    This  system  was  fonndmore  economical  than 
tiring  a  large  nnmber  of  shots  at  one  time.    The  wagons  were  then  ad- 
Tanced,  and  the  ddbris  was  cleared  away ;  the  two  pairs  of  rails  at  the  sides 
shown  in  tiie  cross  section,  were   for      Loboitcduiai,  n 
wagonettes,  whose  contents  were  after- 
wards transferred   to  large  wagons. 
The  "  AfiUt"  was  then  again  advanced. 
These  operationB  were  repeated  with 
nnrarying  regularity  twice  every  day. 
The  "  Afitit"  is  a  ponderous  frame 
supporting  nine  of  the  machines  known 
as  "perforatrices,"  each  perforatrice 
propelled  a  boring  rod  which  struck 
the  rock  at  the  rate  of  200  strokes  per 
minute,  with  a  force  of  200  Ris.    These 
perforatrices  were  driven  by  means  of 
compressed  air :  the  compressive  force 
being  obtained  from  the  water  of  a 
mountain  stream  near  the  month  of  the 
tunnel.     The  working  of  a   "perfor- 
atrice" is  thus  described  by  an  eye-witness. 

*■  Ths  perforatrice,— a  limple-looking  cjlinder  fixed  in  a  gqnara  frame,  and  cod- 
Dected  with  a  Few  pipes  and  stop-cocka,— wa«  placed  ia  a  fresb  poaition  in  front  of  the 
rock,  and  at  a  dgn  £roin  the  engineer,  wm  Mt  in  motion.  A  boring-rod  darted  out 
like  a  fiash  of  lighlimig,  went  with  a  crash  agaiiut  a  new  part  of  the  rock,  chipped 
ont  WTeral  fragmenla  at  a  blow,  and  witlulrew  u  qoicUy  •■  it  had  advanced.  Bang, 
bang,  it  went  again  with  the  Doiie  of  a  gong.  In  ten  tecMidB  the  head  of  the  borei 
had  Mten  ilaelf  a  bole  )  in  a  minate  it  had  all  bat  diuppeared,  in  twelve  it  bad 
drilled  a  hole  nearly  a  yard  deep,  u  cleanly  ai  a  carpenter  could  in  a  piece  of  wood. 
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The  lod  not  onlj  moved  beckwArdi  and  forwardf  end  edranoed  ee  the-  bole  gnw 
deeper,  bnt  turned  genUj  round  the  whole  time ;  a  jet  of  water,  projected  with 
great  force,  cooled  the  chisel,  and  washed  ont  the  chips.  More  atr  was  tamed  on  ; 
the  sound  of  the  blows  could  no  longer  be  distinguished  one  from  another,  thej  made 
a  continoua  rattle,  and  the  rate  was  increased  from  two  hundred  to  no  leas  than  three 
hundred  and  forty  strokes  per  minute,  or  about  half  as  fast  again  as  the  motion 
of  the  piston-rod  of  an  ordinary  express  locomotive  when  going  sixty  miles  an 
hour. 

21 .  The  following  is  an  account  of  the  qaarrying  operations  at  Parta- 
pur,  near  Allahabad,  from  '<  Professional  Papers  on  Indian  Engineering," 
Vol.  IL,  [First  Series]. 

The  length  of  the  quarry  runs  in  the  directioii  of  the  strike,  and  the  stone  beds 
are  continuous  the  wh(^e  length,  in  almost  peifectly  hoirisontal  beds,  forming  a  most 
valuable  quarry.  Supposing  the  quarry  to  be  worked  to  a  depth  of  20  feet,  at  least 
2i  lakhs  of  ashlar,  and  one  lakh  of  rubble  can  be  procured  ;  the  cost  of  o/pemng  the 
quarry  will  add  less  than  2  annas  per  foot  on  to  this  amount  of  ashlar,  and  the  cost 
at  per  cubic  foot  will  be :» 


B.  A.  p. 

Opening  quarry,  •           •           •           •           . 

0    2    0 

Quarrying  (wiUi  contingencies),  •           •           • 

0    3    0 

Carriage  to  boat  (including  cost  of  tramway),     • 

0    2    0 

„       by  boat,             -           .           -           - 

0    1     6 

„       to  site  of  building,        .           .           • 

0    16 

Total,       •       0  10    0 

10  annas  per  cubic  foot  for  ashlar  of  all  sises  delivered  at  site. 

In  April  1864,  from  twenty  to  thirty-five  blasts  were  fired  every  day  in  this  month, 
working  on  an  area  of  12,000  square  feet ;  80,000  cubic  feet  were  excavated,  and 
removed,  which  gives  in  round  numbers  6^  feet  as  the  average  depth  of  excavation 
per  month  for  this  description  of  work ;  of  this  at  least  50,000  cubic  feet  were  broken 
or  loosened  by  blasts.  The  area  of  the  quarry,  within  certain  limits,  signifies  little 
the  number  of  workmen  who  can  be  employed  being  proportional  to  the  space.  This 
work  has  for  sometime  been  done  by  contract  at  Rs.  16  per  1,000  cubic  feet  down  to 
good  stone  beds  ;  being  Rs.  12  for  excavation,  blasting  and  removal  of  rubbish,  and 
Rs.  4  for  the  removal  of  the  larger  boulders  by  lundhanie$  ;  the  lead  for  spoil  being 
on  an  average  200  feet,  powder  and  tools  being  supplied  by  Government.  The 
contractor  also  received  Rs.  1-8-0  per  1,000  cubic  feet  for  all  rubble  procured  dur- 
ing the  excavation.  Up  to  the  first  of  October  1864, 650,000  cubic  feet  have  been 
excavated. 

Up  to  the  above  date,  2,400  lbs.  of  blasting  powder  have  been  expended,  which 
gives  3*7  lbs.  per  1,000  feet  of  excavation.  Three  sises  of  jumpers  were  used — ^for 
bard  boulders,  l)-inch  ;  for  loose  sandstone  and  shales,  2|-inch  ;  for  shallow  beds 
of  the  same,  4|-inch.  They  were  12  and  8  feet  long,  tipped  at  both  ends ;  the  l|-inch 
taking  \  seer  of  steel  for  both  ends  ;  the  2|-inch  taking  |  seer  ;  the  4i-inch  taking 
21  seers.    In  hard  stone  the  l^-lnch,  using  both  ends,  would  jump  Sj^-feet  with- 
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out  being  iharpened.  The  sandstoDes  and  shales  rary  so  mncb  that  it  is  diAeiUt  to 
give  a  like  ayerage  for  the  2|-inch  jampefs.  In  bard  stone,  with  l|-inch  jumpers, 
two  men  oovld  jump  a  hole  8  feet  in  a  dajr,  bat  the  average  was  not  so  good :  with  a 
24-inch  jomper,  they  oonld  not  do  more  than  1  foot  8  inches. 

In  moderafcelj  hard  shalei  two  men  conld  jomp  two  boles  2|-inefaes,  84  feet  deep  in 
the  daj,  bat  not  so  mncb  with  deeper  holes  ;  ia  the  friable  sandstone,  two  men  conld 
jump  2  holes  2f  inches  from  8  to  12  feet  deep. 

At  first,  stone-cntters  were  employed  for  jamping,  bnt  afterwards  beldars  were 
tanght  and  paid  at  the  rate  of  2}  annas  per  day.  The  charges  for  blasting  were 
calcnlated  on  "  the  cubes  of  the  lines  of  least  resistance,"  taking  a  4^ance  charge 
for  2  feet  as  the  standard  ;  thus  a  8  feet  line  of  least  resistance  would  require  8* :  2* 
: :« :  4  ounces  •%  so  =  18|  ounces.  This  was  found  to  answer  well  for  stone ;  and  for 
shale,  two-thirds  of  this  was  ample ;  but  the  loose  sandstone  took  considerably  more, 
though  soft ;  the  sand  being  cemented  with  a  soft  argillaceous  cement,  it  was  com- 
pressible and  withstood  the  shock  better. 

The  tamping  was  of  clay,  moderately  dried  in  small  rolls  in  the  workshop.  Car- 
tridge paper  soaked  in  a  soluUon  of  1  ounce  of  saltpetre  and  4  ounces  of  water,  was 
used  for  igniting  the  charges.  Bammers  with  copper  ends,  copper  needles,  and  long 
iron  scoops  were  made  on  the  works. 

No  serioos  accident  has  occurrred  in  the  qnarry  or  in  blasting  ;  twice  men  hare 
been  slightly  burnt  from  carelessness  in  lighting  the  touch  paper. 

The  tools  used  for  quarrying  are  rery  simple  ;  large  hammers  and  wedges,  which 
are  supplied  by  Government,  and  small  hammers  and  chisels,  which  the  workmen 
themselves  procure. 

The  large  hammers  and  wedges  are  best  made  from  the  raw  country  iron  ;  those 
made  of  English  iron  (as  procurable  in  the  Indian  market)  are  very  inferior  and 
break  or  crack  after  a  few  days  work ;  country  iron,  being  extremely  tough,  scarcely 
ever  breaks,  and  the  hammers  and  wedges  when  gradually  flattened  by  use  can 
easily  be  made  up  again.  The  iron  used  here  comes  from  Bewah  on  pack-buffaloes, 
in  pieces  of  from  10  seers  to  1  maund  in  the  rough  state.  From  a  piece  weighing 
71  seers,  6  seers  of  iron  was  worked  into  a  wedge,  but  the  average  is  not  so  good, 
being  about  60  to  70  per  cent  The  price  of  this  delivered  at  the  quarries  is  from 
Bs.  4-8-0  to  5  per  maund. 

The  working  of  this  from  its  rough  state,  of  course  involves  a  great  deal  of  manual 
labour,  and  costs  from  Bs.  10  to  18  per  maund,  but  the  product  is  excellent,  which  may 
be  attributed  to  the  original  quality  of  the  iron,  to  the  hand  forging,  or  charcoal  fuel ; 
but  probably  to  all  three  combined. 

The  stone  lies  in  beds,  through  the  breadth  of  which  it  is  first  necessary  to  chisel  a 
trench,  in  order  that  blocks  may  be  spilt  off  ;  a  trench  28  feet  long  in  a  bed  2  feet  4 
inches  deep,  cost  Bs.  58.  This  trench  was  1  foot  6  inches  wide  at  top,  8  inches  at 
bottom,  giving  a  cubical  content  of  70  feet ;  this  gives  18^  annas  as  the  cost  of  chisel- 
ing out  per  cubic  foot,  paying  the  men  at  the  rate  of  6  annas  per  day,  but  it  might 
have  bem  done  cheaper  than  this. 

The  method  of  working  the  stone  is  this ;  the  dimensions  having  been  marked  off, 
holes  are  chiseled  along  these  about  8  inches  apart,  from  8  to  6  inches  deep,  from  4  to 
6  inches  long,  and  2|  inches  wide,  into  which  wedges  are  put,  and  struck  from  end  to 
end  of  the  line  with  heavy  hammers  until  the  stone  split  This  is  precisely  the 
same  method  as  that  used  in  England,  and  was  probably  known  in  India  before 
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England  existed  as  a  naUon  ;  old  Bhnr  forte  near  ihowing  marks  of  smaller  wedge 
holes. 
The  rates  now  being  paid  for  quarrying  are — 

For  ashlar,  1  to  20  cubic  feet,  per  foot, 

„       20  to  40        „  „ 

„      flags,  2  inches  thick, 
Bough  dressing  the  ashlar, 
For  large  rubble,  per  100  cubic  feet,  - 
„    small      n  n  ' 

The  ashlar  is  rough  dressed  before  it  is  taken  out  of  the  quarry  ;  this  has  been 
found  to  save  two-fifths  of  the  carriage. 
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CHAPTER    11. 
BRICKS. 

2S.  Bricks  are  made  of  tempered  clay  formed  in  a  mould  to  the 
requisite  size  and  shape,  and  then  dried  in  the  sun.  In  this  condition  the  j 
may  be  used  for  building,  and  are  called  sunnlried  bricks,  or  in  Hindus- 
tani, hachchhd.  For  most  permanent  works,  the  bricks  are  hardened  bj 
strong  heat  in  a  kiln,  and  when  thus  prepared  are  called  burnt  or  kiln 
bricks ;  in  this  country,  pakkd.  But  on  account  of  imperfections  in  the 
application  and  distribution  of  the  heat  in  a  kiln,  it  neyer  happens  that  all 
the  bricks  put  in  are  thoroughly  fired  to  the  required  extent  and  no  further. 
Some  which  have  not  received  sufficient  heat  are  only  partially  hardened, 
and  such  are,  from  their  generally  yellowish  tinge,  known  as  plld  bricks. 
Some  also  may  have  receiyed  too  much  heat ;  when  this  happens,  and 
especially  if  they  contain  a  large  proportion  of  sand,  they  are  more  or 
less  vitrified,  and  when  cool,  are  dark-coloured,  hard,  and  brittle.  Such 
are  also  in  general  distorted,  and  when  this  oyer-buming  has  proceeded 
to  a  great  extent,  they  are  found  partially  fused  and  run  together  into 
masses,  frequently  of  large  size.  These  irregular  lumps  of  over-burnt 
bricks  are  called  jhdma, 

A  sound  and  well-burnt  brick  is  generally  of  a  clear  and  uniform  colour, 
depending  on  the  nature  of  the  clay  of  which  it  is  made,  and  partly  also 
on  the  kind  of  fuel  with  which  it  has  been  burned.  Bricks  of  a  deep  red 
colour  are  generally  good.  A  good  test  of  hardness  is  that  the  finger 
nail  should  not  be  able  to  make  any  scratch  or  mark  on  the  surface  of  the 
brick ;  and  it  should  emit  a  clear  ringing  sound  when  struck.  An  im- 
perfectly burned  oipild  brick  possesses  neither  of  these  qualities.  By  its 
ready  absorption  of  damp  from  the  air,  it  is  very  liable  to  be  a£fected  by 
the  action  of  saltpetre  or  other  salts,  which,  on  crystallizing,  cause  the  brick 
to  crumble  away.  It  is  incapable  of  withstanding  continued  exposure 
to  the  action  of  water ;  it  softens  and  is  liable  to  be  crushed.  A  perfectly 
burned  brick  will  remain  any  length  of  time  under  water  uninjured,  and  this 
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quality  is  so  essential  in  hydraulic  works,  tbat  the  absorbing  power  of  the 
bricks  employed  should  be  carefully  tested  beforehand,  and  if  it  exceeds 
^ih  of  the  dry  weight,  the  bricks  should  inyariably  be  rejected. 

S8.  Brick«earth^— The  first  part  of  the  process  of  brick-making  is 
the  preparation  of  the  clay.  It  should  neither  be  yery  stiff  and  ^'  fat/' 
as  it  is  called,  nor  yery  loose  and  sandy.  If  the  former,  the  bricks  are 
yery  liable  to  crack  in  drying,  and  are  more  likely  to  be  imperfectly 
burned ;  if  the  latter,  they  are  soft  and  fragile,  and  more  apt  to  fuse  in 
burning. 

All  clays  burning  red  contain  oxides  of  iron,  and  those  haying  from  8 
to  10  per  cent,  bum  of  a  blue,  or  almost  a  black  colour.  The  bricks  are 
exposed  in  the  kilns  to  great  heat,  and  when  the  body  is  a  fire-clay,  the 
iron  unites  with  a  portion  of  the  silica,  forming  a  fusible  silicate  of  protox- 
ide of  iron,  which  melts  into  an  external  glaze.  Bricks  of  this  descrip- 
tion are  common  in  Staffordshire,  and,  when  made  with  good  machinery 
(that  is,  the  clay  being  yery  finely  ground)  are  superior  to  any  others, 
particularly  for  docks,  canal  or  riyer  locks,  railway-bridges  and  yiaducts. 
In  some  places  these  blue  bricks  are  commonly  employed  for  paying  pur- 
poses. Other  clays  contain  lime  and  no  iron ;  these  bum  white,  and  take 
less  heat  than  any  other  to  bum  hard  enough  for  the  use  of  the  builder, 
the  lime  acting  as  a  fiux  on  the  silica.  Many  clays  contain  iron  and  lime ; 
when  the  lime  is  in  excess,  the  bricks  are  either  of  a  light  dun  colour,  or  white, 
in  proportion  to  the  quantity  of  that  earth  present;  if  magnesia  is  present, 
they  haye  a  brown  colour ;  and  if  iron  is  in  excess,  they  bum  from  a  pale 
red  to  the  colour  of  cast-iron,  in  proportion  to  the  quantity  of  metal. 

There  are  three  classes  of  brick  earths : — 

let.  Plastic  clay  composed  of  alumina  and  silica,  in  different  propor- 
tions, and  containing  a  small  percentage  of  other  salts,  as  of  iron,  lime, 
soda,  and  magnesia. 

2nd.    Loams,  or  sandy  clays. 

Zrd.  Marls,  of  which  there  are  also  three  kinds ;  clayey,  sandy,  and 
calcareous,  according  to  the  proportions  of  the  earth  of  which  they  are 
composed,  yiz.,  alumina,  silica  and  lime. 

Alumina  is  the  oxide  of  the  metal  aluminium,  and  it  is  this  substance 
which  giyes  tenacity  or  plasticity  to  the  clay-earth,  haying  a  strong  affinity 
for  water.  It  is  owing  to  excess  of  alumina,  that  many  clays  contract  too 
much  in  drying,  and  often  crack  on  exposure  to  Yrind  or  sun.    By  the 
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addition  of  sand,  this  clay  would  make  a  better  article  than  we  often  see 
produced  from  it.  Clays  contain  magnesia  and  other  earthy  matters,  but 
these  vary  with  the  stratum  or  rock  from  which  they  are  composed.  It 
would  be  impossible  to  give  the  composition  of  these  earths  correctly,  for 
none  are  exactly  similar ;  but  the  following  will  gire  an  idea  of  the  propor-* 
tions  ofthe  ingredients  of  a  good  brick  earth — silica,  three-fifths ;  alumina, 
one-fifth ;  iron,  lime,  magnesia,  manganese,  soda  and  potash  forming  the 
other  one-fifth. 

If  any  grarel  is  mixed  with  the  clay,  it  must  be  carefully  separated. 
It  is,  howerer,  often  so  mixed,  that  before  the  clay  is  fit  to  be  moulded 
into  bricks,  it  should  be  subjected  to  the  process  of  being  passed  be- 
tween rollers  and  afterwards  through  the  pug-mill ;  though  if  the  former 
has  done  its  work  well,  and  effectually  crushed  the  gravel,*  the  pug-mill 
need  not  be  used  except  for  the  preparation  of  moulding,  arch,  and 
column  bricks,  and  particularly  for  tile-making.  The  gravelly  clay  is 
generally  of  a  yellow- ochreish  colour,  and  the  pebbles  containing  lime, 
would,  if  burnt  with  the  clay,  expand  and  split  the  bricks.  Attention, 
however,  is  necessary  in  the  use  of  this  clay  or  marl  containing  lime,  as 
but  a  very  small  proportion  of  that  substance  is  admissible  in  brick  clay, 
and  then  only  in  a  pulverised  state.  The  presence  of  lime  can  easily  be 
tested  by  pouring  a  little  acid  on  a  solution  of  the  clay,  when,  if  it  be 
present,  an  effervescence  will  be  apparent.  In  alluvial  soiFs,  bricks 
made  of  the  upper  earth  are  apt  to  crack  in  drying,  and  warp  in  burn- 
ing, however  well  tempered  or  mixed  with  other  ingredients  :  such  soil 
is  therefore  to  be  removed  and  better  clay  sought  for  below. 

In  India  by  far  too  little  attention  is  paid  to  the  preparation  of  brick- 
earth.  The  soil  should  be  dug,  and  if  not  naturally  fit  for  the  purpose, 
onght  to  be  artificially  rendered  so  by  the  following  means  :  — Quanti- 
ties of  clayf  each  equal  to  the  manufacture  of  about  2,000  bricks  or  260 
cubic  feet,  are  to  be  dug  up  before  the  cold  weather,  (September  and 
Ootober,):^  and  laid  on  levelled  ground,  which,  if  a  little  below  the  general 
surface  is  better.    If  sand  is  required,  it  is  then  added ;  if  not,  the  clay 


*  Thia  la  the  praetice  in  Wanriekahtre,  wbera  th«  beat  bricka  in  England  are  made. 

t  Barth  impregnated  with  reh  (anlphate  of  aoda),  which  abounda  in  the  N.  W.  Provinoea  and  the 
Punjab  ia  wholly  nnflt  for  brick-making. 

X  It  ia  generally  known  by  the  month  of  October  what  work  ia  likely  to  be  undertaken  during 
the  following  year,  and  the  quantity  of  clay  can  be  accordingly  prepared,  and  au/Bcient  bricka 
obtained  to  laat  till  the  aucceedlng  year'a  kilna  are  burnt. 
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18  worked  withont ;  bat  in  either  case,  it  is  subjected  to  a  tempering 
process ;  being  cut,  slashedi  and  well  worked  with  spades  or  phaorda^ 
adding  water  to  soften  it.  If  the  clay  is  grayelly,  it  is  to  be  passed 
between  the  rollers  previous  to  being  tempered.  When  the  clay  has 
been  well  worked  for  seyeral  dajB  till  no  lumps  are  perceptible,  it  should 
be  left  till  February,  when,  the  sun  getting  warmer,  the  irhole  will 
haye  become  an  uniformly  soft  and  yielding  mass.  This  process  should 
be  considered  necessary  as  well  for  sun-dried  as  for  kiln-bnmt  bricks, 
and  even  for  the  clay  plaster  with  which  the  former  are  almost  always 
Goyered,  to  which  a  proportion  of  cow-dung  should  be  added. 

24.  The  Clay-crushing  Boilers  may  be  of  iron  or  yery  hard  stone ; 
their  length  is  8  feet  and  diameter  18  inches,  laid  horizontally  and  close 
together.  The  outer  ends  of  the  axles  turn  in  brasa  channels, //(see 
Plate  I.,  Figs,  2,  3,  4,),  with  a  slight  inclination  towards  the  centres,  and 
are  prevented  from  sliding  when  hard  substances  are  being  crashed,  by 
preventive  screws.  On  the  inner  ends  of  the  axles  at  b,  are  toothed  wheels 
of  the  same  diameter  as  the  cylinders,  to  communicate  rotary  motion  from 
one  axle  to  the  other.  The  axle  of  one  is  prolonged  by  a  shaft  about  20 
feet  long,  carrying  at  the  extremity  a  bevelled  wheel  dy  worked  by  a  motive- 
wheel  Sf  6  feet  diameter,  the' axle  of  which  is  raised  to  the  height  of  a 
horse's  shoulder  or  bullock's  neck,  to  which  an  arm  is  fixed  for  cattle  to 
be  attached  to.  The  motive-wheel  is  level  with  the  cylinders,  and  the 
connecting  shaft  supported  midway,  as  at  c,  in  a  block  and  brass  box. 
Just  below  the  rollers  is  a  pit  to  receive  the  crushed  clay,  and  scrapers 
are  so  suspended  under  the  rollers,  that  their  edges  press  against  the  sur- 
faces of  the  cylinders,  to  scrape  off  all  clay  that  adheres,  which  would 
otherwise  clog  the  motion.  Counter-weights  a  a  are  suspended  in  pro- 
longation of  the  blades  to  keep  the  edges  close  to  the  cylinders. 

25.  Pug-mill — In  Plate  II.  are  given  the  plan  and  sections  of  a 
pug-mill  for  tempering  clay  for  bricks.  The  clay  is  put  in  at  top,  and 
water  is  added  as  required  to  moisten  it,  the  mill  being  kept  constantly 
at  work.  It  is  turned  by  bullocks.  There  are  six  hoops  on  the  tub,  2 
inches  wide  and  half  an  inch  thick.  The  six  top  knives  are  4  inches  wide, 
and  are  bolted  into  the  spindle,  at  an  angle  of  45  degrees,  having  teeth 
let  into  them  :  the  blades  of  the  teeth  are  4  inches  long,  without  the  screw 
and  nut  which  attaches  them  to  the  knives.  The  teeth  are  fastened  to 
the  knives  at  unequal  intervals.     The  seventh,  bottom,  or  shooting  knife 
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has  no  teeth,  is  6  inches  wide,  and  let  into  the  spindle  at  an  angle  of  55 
degrees.  The  mill  must  be  sunk  two  feet,  to  allow  of  the  soil  being  con- 
veniently thrown  in  from  above,  and  also  to  avoid  having  a  raised  track 
for  the  bullocks.  There  must  be  a  ramp  down  to  D,  and  a  space  exca- 
vated there  for  the  mud  to  come  out  at,  and  to  allow  of  its  being  carried 
away.  A,  B  and  C,  are  permanently  built  np  with  bricks ;  D  is  only 
stopped  when  the  mud  is  first  put  in,  until  it  is  sufficiently  prepared  for 
the  moulder,  when  the  tamping  is  withdrawn,  and  not  again  replaced 
while  the  mill  remains  in  constant  daily  use. 

26.  Slirkhi« — The  nature  and  properties  of  turhhi  or  pounded  brick, 
will  be  considered  in  detail  when  treating  of  ''  mortar,"  but  it  is  in  the 
immediate  neighbourhood  of  the  brick  kibs  that  its  manufactory  should 
be  located,  because  the  broken  bricks  as  they  come  from  the  kilns,  in- 
stead of  being  carried  to  the  works,  which  they  often  wastefully  are,  or 
otherwise  lost  sight  of,  can  be  made  into  aurkhi  and  placed  under  sheds 
ready  to  receive  it,  or  carted  to  the  mortar  trough  as  required.  Only 
pieces  of  bricks,  of  which  there  will  always  be  plenty,  should  be  used  up 
into  iurhhi,  and  the  fresh  burnt  clay  is  easier  to  crash ;  by  some  also  it 
is  said  to  make  better  mortar  than  when  stale ;  although  this  does  not 
accord  with  General  Treussart's  experiments  on  artificial  puzzuolana, 
(vide  Chapter  IV .)  A  pair  of  crushing  stones  attached  to  each  set  of  kilns 
will  always  keep  up  the  supply  needed,  and  the  whole  arrangement  is 
fraught  with  economy  as  well  as  productive  of  good  material.  The  stones 
should  be  fully  5  feet  in  diameter  and  12  to  15  inches  thick,  working  in  a 
firmly  set  iron  trough  with  a  raised  edge,  and  one  oblique  mouth  for 
delivery  of  the  surkhl  as  it  is  crushed  out.  The  wheels  are  set  on  the 
same  axle  at  difierent  distances  from  the  centre,  and  scrapers  of  thin  iron 
attached,  to  prevent  adhesion  of  the  eurhhi  to  the  surfaces  of  the  stones.* 
In  most  Indian  brick-fields,  however,  eurhhi  is  pounded  by  the  hand,  or 
by  a  rude  tilt  hammer  worked  by  the  feet.  If  the  Burhhi  be  required 
for  hydraulic  mortar,  it  must  be  thoroughly  ground  down  into  impalpable 
powder. 

27.  The  weight  of  bricks  is  not  uniform,  depending  much  on  the  kind 
of  soil  of  which  they  are  made.  English  bricks  weigh  about  125  Hbs.  per 
cubic  foot.  Indian  bricks  appear  generally  to  be  somewhat  lighter,  and  to 

*  A  itMin  engine  of  small  power  might  be  economically  employed  to  work  the  rollerft  pug- 
mill,  and  cruahing  itonea. 
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average  under  100  9)s.,  thongh  eome  lately  weighed  at  Roorkee  areraged 
6  geere  each,  being  12  X  6  X  2|  inches,  eqaivalent  to  116  tbg.  per  cabio 
foot.  The  Bpecifia  gravity  of  brick  is  1-841 ;  it  absorbs  ^th  of  its 
weight  of  water ;  and  is  crushed  by  a  force  of  962  ftis.  on  the  squar* 
inch,  if  perfectly  well  burnt. 

88.  Houlding. — The  Mould  for  fonning  the  bricks  is  -f^th  to  ^th 
larger  than  the  size  of  brick  to  be 
made,  as  the  clay  shrinks  in  baming. 
.  The  size  of  mould  formerly  in  use  at 
Roorkee  and  in  other  parts  of  these 
Provinces,  measures  13  X  6J  x  S} 
tnches,  and  the  average  size  of  the 
paJcka  brick  is  12  x  6  x  S^  inches. 
As  however  the  thickness  of  walls  is 

generally  calculated  in  even  feet  and  half  feet,  the  bricks  ought  to  be 
somewhat  less  than  a  foot  in  length  to  allow  for  mortar  joints,  plaster, 
&e.,  and  their  breadth  should  be  something  less  than  half  their  length, 
in  order  that  two  ktadera  with  a  mortar  joint  between  them  may  cover 
a  ttretcher  or  the  full  length  of  a  brick :  a  convenient  size  therefore  is 
11^  X  &i  X  2^  inches,  which,  with  most  brick  soils,  would  require  that 
the  moulds  should  be  12^  X  6  x  2}  inches.  English  sized  bricks  are, 
however,  now  generally  coming  into  use  in  India. 

The  bricks  in  use  on  the  East  Indian  Railway  measure,  for  the  most 
part,  9x4x2^  inches ;  the  price  of  moulding  ranges  from  8  to  12  annas 
per  thousand,  accordmg  to  the  supply  of  labour.  A  native  moulder, 
assisted  by  a  boy  to  supply  the  clay,  and  a  w<}man  to  remove  the  bricks, 
con  make  1,200  (or  more)  bricks  by  an  ordinary  day's  labour.  Generally 
the  moulder  has  one  woman  to  take  away  the  bricks  as  he  makes  them, 
and  the  average  number  he  moulds  a  day  rarely  exceeds  500. 

Briok  moulds  are  made  of  any  hard  wood,  which  should  be  thoroughly 
seasoned,  and  the  edges,  which  wear  very  fast,  should  be  protected  by  a 
.  thin  strip  of  iron.  Moulds  should  be  frequently  gauged,  especially  when 
the  brick-makers  find  their  own  moulds,  or  the  bricks  made  will  vary 
much  in  thickness.  In  England,  brick  moulds  are  now  made  lined  with 
brass,  which  shows  the  importance  attached  to  the  correct  moulding  of 
bricks. 

Two  methods  of  moulding  are  known  in  England,  s[<^  and  tand  monld- 
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ing.  In  the  fonner  the  mould  is  dipped  in  water  every  time  it  is  used, 
in  the  latter,  it  is  sprinkled  with  fine  sand  or  with  ashes  from  an  old  brick 
kiln.  In  either  case  the  brick-earth  should  not  be  used  too  wet :  and  it 
should  be  pressed  carefully  and  thoroughly,  so  as  to  fill  the  moulds.  The 
superfluous  earth  is  then  removed  by  a  etrikef  which  is  a  straight  edge  of 
wood  or  metal  passed  along  the  top  of  the  mould,  and  pressed  well  down 
on  its  edges.  Steel  strikes  are  best,  as  wooden  ones  are  out  by  the  edge 
of  the  brick  mould,  and  then  scrape  away  too  much  of  the  surface  of  the 
brick,  thereby  rendering  its  thickness  irregular. 

In  England,  bricks  are  moulded  on  boards  or  benches ;  in  India  mostly 
on  the  ground,  which  should  be  made  as  smooth  and  even  as  possible.  At 
Roorkee,  smooth  plastered  terraces  have  been  used,  the  surface  sprinkled 
with  fine  sand  or  ashes.  The  bricks  are  moulded  side  by  side  till  the  ter- 
race is  covered,  they  are  then  left  on  it  till  dry  enough  to  be  turned  on 
edge  without  loss  of  shape ;  then,  after  another  short  interval  stacked ;  or, 
as  it  is  called  in  England,  laid  in  a  hack. 

At  Boorkee  a  moulder  makes  generally  from  800  to  1,000  bricks  per 
diem.  He  can  mould  a  larger  number,  but  they  are  then  apt  to  be  less 
carefullymadeandinferioraccordingly.  Thenumber  of  attendants  on  each 
moulder  to  supply  clay,  water,  &o.,  will  depend  on  the  distance  of  the 
moulding  ground  from  the  place  where  the  clay  is  dug,  and  both  of 
these  from  the  water.  And  this  is  a  point  requiring  consideration  before 
beginning  to  make  bricks,  as  it  is  one  which  will  materially  affect  their 
cost.  The  following  is  a  detail  of  the  usual  monthly  amount  of  labour 
required,  with  the  expense  of  every  four  moulders,  having  eleven  beldars 
to  assist : — 

B8.  A.    p. 

1  Monlder,  at  6  Ri.  permeniem,  6    0    0 

2f  Beldars,  at  4  ditto ^        ..        ..      11    0    0 

Sundries,     ..        • •.        ..        10    0 

Total  Rs.,    ••      18    0    0 

In  one  month  of  26  working  days ;  1 ,000  bricks  being  moulded  per  diem, 
the  total  number  will  be  26,000,  or  deducting  ten  per  cent,  for  breakage, 
28,400,  costmg  Bs.  18 ;  or  Bs.  76-14-9  ;>tfr  lakh. 

If  the  quantity  made  by  each  moulder  is  800  only  per  diem,  the  total 
number  will  be  20,800,  or  with  deduction  as  above  for  loss,  18,720  ;  the 
rate  per  lakh  being  Bs.  96-2-6. 
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29.  Kachine  Hade  BrickB.*— Bricks  are  made  also  by  macbines. 
One  description  (Hall's)  has  been  very  successfully  used  at  Roorkee.* 
This  combines  the  pug-mill  for  preparing  the  brick- earth  with  the  appa- 
ratus for  moulding,  the  clay  being  discharged  directly  from  the  former 
into  the  latter.  All  pebbles,  grayel,  &c,f  must  therefore  be  separated 
from  the  earth  before  it  is  put  into  the  pug-mill.  The  png-mill  is 
worked  by  a  horse  or  bullocks  moving  in  a  circle,  at  the  extremity  of 
the  bar  attached  to  the  vertical  shaft  of  the  mill.  The  arrangements 
for  admitting  and  pressing  the  earth  into  the  moulds,  and  for  pushing 
out  the  frame  or  case  of  filled  moulds  in  front  of  the  machine  to  be  car- 
ried away  to  the  drying  ground,  are  worked  by  hand.  The  wooden 
moulds  are  in  sets  of  five  in  one  frame,  and  their  size  is  that  correspond- 
ing with  the  ordinary  dimensions  of  English  bricks,  viz.,  10  x  4|  x  3^ 
inches.  The  wooden  frames  can  of  course  be  made  with  compartments 
to  suit  any  size  of  bricks ;  but  the  set  of  five  of  the  English  size  is 
adapted  to  the  dimensions  of  the  machine  as  made  by  the  patentee. 

The  following  is  a  detail  of  the  labour  employed  in  connection  with  this 
machine,  making  11,000  bricks  per  diem  : — 


1  Tindal,  at  Rs.  8  per  meDseiDi    ...        ••.        •••        ...        ...        ...        8 

26  Beldars,  at  Rb.  5  ditto,  180 

4  Bullocks,  at  Rs.  8  ditto, 82 

Totol  Rs.,    ...    170 

That  is,  deducting  10  per  cent,  for  breakage,  Bs.  66  per  lakh  of  the 
English  sized  bricks. 

The  engraving  (on  page  38)  is  another  description  of  brickmaking  ma- 
chine, combining  the  three  processes  of  crushing,  pugging  and  moulding. 
First,  the  clay  is  brought  by  wheel-barrows,  and  tilted  into  the  hopper  at 
the  top  of  the  machine,  between  a  pair  of  crushing  rollers,  A,  A,  which  are 
fed  by  a  self-acting  feed  or  crammer  shaft,  forcing  the  clay  between  the 
rollers  by  which  the  mass  is  crushed ;  the  rollers  by  proper  set  screws  can 
be  adjusted  to  any  required  width. 

Second,  underneath  the  crushing  rollers,  and  in  connection,  is  a  hori- 
zontal pug-mill,  6,  in  which  a  shaft  revolves,  with  knives  keyed  on  it, 
arranged  in  the  form  of  a  screw.    By  the  screw  action  of  these  knives,  the 

*  Those  in  greatest  favonr  in  England  are  Analle*!,  Hunt's,  and  Morray's .    The  former  has  been 
tried  at  Roorkee,  bat  not  with  much  racccse. 
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clay  is  thoroughlj  mixed  and  forced  to  the  other  end  b,  of  the  png-mill, 
from  which  it  is  carried  forward  into  the  moolding  chamber,  or  rectangu- 
lar box  G. 

Third,  in  this  box  a  reciprocating  piston  moTed  by  a  rack  and  pinion 
motion  underneath,  forces  the  clay  alternately  from  either  end  through 
two  roller  dies,  D,  D,  in  a  continuous  rectangular  bar ;  which  is  sufficient 
to  produce  from  8  to  12  bricks  edgeways,  the  width  of  the  clay  being 
the  length,  and  the  thickness  the  width  of  the  bricks  required.  If  the 
piston  be  supposed  to  be  moved  towards  one  end  of  the  moulding  chamber, 
the  hollow  in  the  rear  of  the  piston  is  supplied  by  the  pug>mill  shaft  as 
fast  as  the  piston  advances ;  therefore  the  whole  time  the  clay  is  under  a 
uniform  pressure,  whereby  very  important  objects  affecting  the  quality  of 
production  have  been  secured,  more  especially  in  regard  to  size  and 
density.  When  the  piston  reaches  the  end  of  the  box,  it  is  reversed,  and 
commences  to  force  the  clay  out  of  the  other  end  ;  whilst  this  bar  of  clay 
is  divided  into  bricks  and  carried  away,  each  delivery  giving  just  sufficient 
time  to  divide  and  clear  the  bricks  before  conmiencing  delivery  again  on 
that  same  side ;  so  that  the  bricks,  without  loss  of  time,  are  turned  out 
alternately  during  the  day. 

As  the  success  of  the  machine  depends  greatly  on  the  arrangement  of 
the  rotary  dies  D,  D,  they  have  been  drawn  to  a  large  scale,  Plate  III. 
The  following  is  a  short  explanation  of  the  figures  :  a,  a,  a,  is  one  cast- 
ingj  and  is  a  frame  and  support  to  the  whole ;  it  is  fixed  to  the  end  of  the 
machine  by  bolts  b,  b,  through  holes  in  the  back  of  o,  a.  The  upper  and 
lower  sides  c,  c,  of  the  orifice  are  made  of  brass,  in  order  to  stand  as  long 
as  possible ;  two  rollers  dy  d,  covered  with  fustian  cloth  and  bound  with 
brass,  form  the  other  sides  of  the  orifices,  and  are  fixed  vertically  by  the 
spindles  e,  e,  being  movable  in  the  bushes  /,  /;  these  receive  motion  by 
bevel  gearing  from  the  horizontal  shaft  ^,  which  is  supported  in  the 
bearings  k,  k,  and  driven  by  a  strap  on  the  pulley  h,  keyed  to  the  shaft  jf ; 
the  leather  strap  is  connected  to  a  convenient  shaft  of  the  machine.  It 
will  be  seen  that,  on  turning  the  pulley  h  in  the  direction  of  the  arrow,  the 
rollers  will  be  turned  in  opposite  directions,  and  thereby  greatly  assist  the 
clay  to  leave  the  machine. 

Above  the  die  is  a  large  water  box,  supported  on  a  cast-iron  standard ; 
the  water  is  brought  by  an  iron  pipe  fixed  in  the  bottom  with  a  screwed 
end  and  backnnt,  and  then  branches  right  and  left  by  a  T  piece  to  the 
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outer  edge  of  the  rollers ;  at  the  ends  of  these  branches,  is  a  small  brass 
cock,  to  regulate  the  snpply  of  water,  and  to  allow  it  to  drip  on  the  top 
edge  of  the  rollers ;  this  causes  the  clay  to  leave  the  rollers  with  a  per- 
fectly smooth  face. 

By  referring  to  the  section  Plate  III.,  the  advantage  of  this  roller 
arrangement  is  at  once  seen;  the  rollers  ef,  rf,  not  only  avoid  great 
friction,  but  compress  the  clay  while  it  is  being  forced  forward  by  the 
piston  through  the  orifice,  thereby  producing  a  solid  bar  of  clay  with  very 
clean  arrises,  which  then  moves  forward  in  a  horizontal  position  on  a  table 
or  cutting  frame,  consisting  of  wooden  rollers  covered  with  similar  cloth 
to  the  vertical  rollers  d,  d,  and  with  iron  spindles,  revolving  by  the  fric- 
tion of  the  clay  as  it  advances.  This  bar  of  clay  is  the  length  and  breadth 
of  a  brick  edgeways.  It  will  be  noticed  that  the  rollers  d,  rf,  are  slightly 
tapered  towards  the  top  (in  the  drawing  rather  exaggerated)';  this  is  just 
sufficient  to  allow  for  the  spreading  of  the  clay  on  the  bottom  side  passing 
along  the  rollers ;  the  clay  when  drawn  to  the  full  length  of  the  table,  is 
ready  to  be  cut  into  the  required  thickness  for  bricks ;  this  is  done  in  the 
following  manner,  while  the  machine  is  delivering  a  similar  bar  of  clay  on 
the  opposite  side.  Between  the  rollers  is  a  series  of  strained  steel  wires^ 
fixed  in  a  frame,  movable  on  two  centres  underneath.  By  passing  this 
Fig.  1.  frame  smartly  from  one  side  to  the  other  of  the  bar 

of  clay,  it  is  thereby  cut  into  so  many  bricks  the 

thickness  required. 

There  are  various  ways  of  taking  off  the  bricks ; 

^       ^^^         ^^^®  ^^^  small  leather  pads  fixed  on  the  fingers  by  a 

^^\y^  small  loup,  presenting  a  smooth  surface  to  the  brick^ 

^^^^Si^  )         or  solid  bricks  are  sometimes  removed  with  a  fork  as 

shown  in  Fig.  1,  the  two  prongs  being  made  of  sheet 
iron  and  firmly  fixed  into  the  handle,  these  prongs  are  forced  into  the  brick 

and  then  it  is  lifted  off.  In  the  case  of  hol- 
low bricks,  a  fork  is  used  with  two  or  mora 
wooden  prongs,  tapered  at  the  ends  as  in 
Fig,  2,  these  are  inserted  in  two  of  the  per- 
forations and  the  brick  lifted  off.  The  fork 
is  used  in  the  right  hand,  and  a  pallet  board 
taken  in  the  left ;  after  the  brick  is  raised, 
it  is  put  against  the  pallet  board  and  turned 
horizontally ;  then  the  fork  is  withdrawn  and  the  brick  left  on  the 
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pallet,  when  it  ia  pnt  on  tlic  whccl-bairow  anil  taken  away  to  Uie  hack* 
ing  groand. 
ThiB  machine  ia  capable  of  turning  oat  80,000  bricks  a  day  with  pro- 
Fig.  3.  per  attention,  ho  that  the  bricks 

do  not  fall  off  the  machine  and 
become    Epoilt;   25,000  ia  tho 
least  averagQ  with  a  tcn-horao 
power  engine ;  two  smaller  sizes, 
worked  by  steam,  horse  or  wa- 
ter power  will  tnra  out  from  10 
to  20,000.      These   machinoa 
will  make  solid  or  perforated 
bricks  of  any  description,  viz., 
cant,    or   splayed    bricks    for 
plinths ;  weathered,  and  throat- 
ed copings  of  several  sizes  ;  ronnd  copings  ;  ogee  monlded,  or  quarter 
Fig.  4.      round  nosed  bricks  ;  wedge  shaped  for  cnlverts  ;  compass,  or 
cnrred  bricks  for  lining  shafts  and  wells  ;  air  bricks  for  Tcn- 
tilation  ;  damp  proof  course  to  prevent  damp  rising  in  walla ; 
drainage  and  gutter  bricks  for  wash-houses ;  also  paving, 
roofing,  and  drtunage  tiles  of  all  descriptions.     Fig.  8  shows 
how  the  cores  are  fixed  for  perforated  bricks,  ^g.  4  is  a  cross- 
section  of  the  core  itself;  these  vill  be  understood  wiUiout 
explanation. 
SO.    The  tools  and  implements  required  for  haud-monldJng  bricka  in 
India,  besides  those  menlioned  above,  and  the  wear  and  tear  of  which  form 
an  item  in  the  expense  of  brick-making,  are  a  CHaraa  or  Moth,*  (large 
leather  well  bnokets,)  and  ropes  for  the  same,  &c ;  or  a  Persian  wheel, 
or  Dhenlcli,^  or  other  apparatus  for  raising  water.     Also  Bandit  or 
Qharas,  earthen  vessels  for  carrying  and  holding  water ;  Phaorat ;  and 
bamboo  hand-barrows,  with  leather  shoulder  straps  for  carrying  earth. 

*  TbB  ifsO,  [■  ■  Clmrru  iiltli  ■  Inmi,  vUch  by  mcatu  of  a  email  rope  UUched  to  Ita  eztmnlt;  ind 
pBmlng  OTOr  meconil  ppUej  at  the  edge  of  (be  well,  iBdtnran  op  with  the  open  end  ralml  (which  pro. 
Tent*  the  e^vpe  DC  the  w%Xa),  miid  rMChlDB  tbe  lop,  Ueitended,  diicharElDS  the  wain  into  the  tv 
KTTolr  mt  the  side,  without  the  ualiiUDM  of  a  mu  Uthe  well  moatb,  vblch  the  cAorat  nqnlm. 

1  Tbe  D^nUli  cooiMi  of  s  hocket  nupended  bj  ■  rope  to  tha  aiti«mlt/  of  >  pole,  baluioed  on  ■ 
tnloniii  veiy  ti«n  the  otber  vxtrtmltj,  br  maaiu  el  (load  of  iCodii,  b  mw  ol  mad,  or  othar  nnutar. 
potie.  A  man  holding  tha  rape  diawa  down  tha  and  of  tba  pole  till  tlia  tcihI  ia  plnuied  Into  tba 
water  and  lUlad,  when  with  the  aid  of  tha  countsipolie,  be  euilj  riaea  It,  and  potm  ont  lla  oantenU 
bjrtnrningltoTeTwbeaitbaibeen  bronghltatbalntlottlit  giDBiidon  wblcU  it  itindi.  XIum 
BkMUiiMwgtwUittdaH^TlMainyoL  U. 


81  •  Sryll^;.— The  haohohkA  bncki  are  dried  by  bebg  first  timed  on 
their  edge  as  aboye-mentioned,  and  afterwards  piled  in  open  order  in  long 
rows  or  stacks  (called  chatta  or  iharanja).  The  ground  on  which  the 
stacks  are  formed  should  be  raised,  so  that  in  case  of  rain,  it  may  remain 
dry ;  it  should  also  be  sanded.  The  best  form  of  stacks  is  of  a  breadth  equal 
to  two  bricks  laid  longitudinally  with  intervals  between  the  bricks,  the 
alternate  tiers  being  along  and  aeroaa  the  stack,  all  on  edge.  Eight  or  ten 
tiers  of  bricks-on-edge,  with  intervals  between  them,  may  be  thus  built  up. 

The  bricks  should  be  left  in  stack  until  thoroughly  dry,  as,  if  put  into 
the  kilns  damp,  the  strong  heat  of  the  kiln  will  dry  them  too  suddenly, 
and  probably  split  or  partially  disintegrate  them.  In  showery  weather, 
every  brick-field  should  be  furnished  with  light  frames  of  bamboo  and 
grass,  or  sirhi,  not  more  than  ten  feet  long  each,  so  as  to  be  handy,  and 
as  high  as  the  stacks ;  these  should  be  placed  on  each  long  side  of  the  stack 
on  rain  coming  on,  and  the  top  should  be  similarly  protected,  by  sirki  or 
matting,  or  by  bundles  of  grass.  Some  heavy  boards  will  be  useful  to 
prevent  these  temporary  coverings  from  being  disturbed  by  storms,  and 
the  stacks  being  thus  exposed  to  rain.  Unbumt  bricks  once  thoroughly 
saturated  with  wet,  although  they  may  have  retained  their  shape  and  be- 
come perfectly  dry  again,  never  recover  their  former  consistency  for  use 
either  as  kachchhd  or  pahkd  brick.  In  the  bot  season  bricks  are  dry 
enough  for  the  kiln  in  three  days ;  in  the  cold  weather  in  eight  days. 
Brick-making  is  always  suspended  during  the  rains. 

82.  Burning. — The  burning  of  bricks  is  an  operation  of  great  nicety, 
because,  if  not  burnt  enough  they  will  be  soft  and  worthless,  and  if  over 
done,  they  vitrify,  lose  their  shape,  and  often  run  together  so  as  to  be 
inseparable  and  useless^  Various  methods  have  been  adopted  for  pro- 
ducing the  due  degree  of  firing.  In  general,  bricks  are  burnt,  both  in 
America  and  England,  in  a  brick-kiln ;  but  in  London,  the  burning  cons- 
tantly takes  place  in  the  open  air,  the  bricks  being  made  up  into  immense 
quadrangular  piles  or  clamps^  consisting  of  from  two  to  five  hundred 
thousand  bricks  in  each.     In  India  both  kilns  and  clamps  are  used. 

English  kiln.*— A  ^cik-i&i7n  as  usually  constructed  is  formed  of  bricks 
built  in  a  square  form  like  a  house,  with  very  thick  side  walls,  and  a 
wide  door-way  at  each  end,  for  taking  in  and  carrying  out  the  bricks ; 
but  these  doors  are  built  up  with  soft  bricks  laid  in  clay  while  the  kiln  is 
burning,  and  a  temporary  roofing  of  any  light  material  is  generally  placed 


44  BBicKa. 

orer  the  klla  to  protect  the  raw  brick  from  rkia  while  setting,  ud  lo 
made  that  it  may  he  removed  after  the  kiln  is  fired.  The  English  kilna 
are  generally  13  feet  long,  10  feet  wide,  and  12  feet  high,  which  size  con- 
tains and  bnms  20,000  bricks  at  once.  Wood  is  the  usual  fuel  need  in 
-  these  kilns,  and  they  are  frequently  bnilt  with  partitions,  for  containing 
the  fuel  and  for  supporting  the  bricks,  in  the  fonn  of  arches,  as  will  be 
presently  described.  The  bricks  must  be  placed  in  the  kiln  with  great 
care,  and  this  operation  is  called  setting  the  kiln,  and  is  performed  by  one 
or  two  men  who  understand  the  bnsiness,  and  to  whom  the  raw  bricks  are 
delivered  in  barrows.  The  form  of  the  setting  is  pretty  nearly  the  same 
in  the  country  tdlne,  and  in  the  London  clamps,  except  that  in  the  latter 
the  arcbes  are  much  smaller,  becaase  wood  is  only  used  for  kindling  and 
not  for  burning. 

Setting. — The  bottom  of  the  kiln  is  1  aid  in  regular  rows,  of  two  or  three 
bricks  wide,  with  an  interval  of  two  bricks  between  each,  and  these  rows  are 
BO  many  walls  extending  lengthwise  of  the  kiln  and  munlng  quite  through 


it;  they  are  built  at  least  sixor  eight  courses  high,  so  as  to  give  the  kiln 
the  appearance  shown  in  the  figure,  which  is  an  end  view  of  it.  And 
this  is  permanent  work  in  kilns  that  have  fire-places  built  in  their  floors 
(as  in  the  Sindh  flame  kiln) :  or  in  the  case  of  kilns  with  flat  floors  (as  in 
the  above  figure)  the  flue  walls  are  built  of  nnburnedbricis  in  "  Betting" 
the  kiln.  The  intervals  between  the  walls  are  laid  first  with  shavinge,  or 
bmsbwood,  or  anything  that  will  kindle  easily,  then  with  larger  brushwood 
cut  into  abort  lengths,  that  it  may  pack  in  a  compact  manner ;  and  lastly, 
with  logs  of  split  wood.    This  done,  the  orer  spanning  oi  formation  of  the 
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arcIi6B  18  commenced ;  for  this  purpose  every  conrse  of  bricks  is  made  to 
extend  an  inch  and  a  half  beyond  the  conrse  immediately  below  it,  for  fire 
courses  in  height,  taking  care  to  ahintU  well  behind,  that  is,  to  back  np, 
or  fill  np  with  bricks  against  the  oyer-spanners.  An  eqnal  number  of 
courses,  on  the  opposite  side  of  the  arch,  is  then  set  as  before,  and  thus  the 
arch  is  formed,  which  is  called  rounding,  and  is  anice  and  important  opera- 
tion, forlf  the  arch  fails  or  falls  in,  the  fire  may  be  extinguished,  or  many 
of  the  bricks  aboye  the  arch  may  be  broken.  The  intermediate  spaces 
between  the  arches  are  now  filled  up,  so  as  to  bring  the  whole  surface  to  a 
leyel,  and  then  the  setting  of  the  kilns  proceeds  with  regularity  until  it 
obtains  its  full  height.  In  setting  the  kiln,  not  only  in  its  body  but  in  the 
arches  also,  the  ends  of  the  bricks  touch  each  other ;  but  narrow  spaces 
must  be  left  between  the  sides  of  every  brick  for  the  fire  to  play  through, 

and  this  is  done  by  placing  the  bricks 
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on  their  edges,  and  following  what 
LL- ,  is  called  by  brickmakers,  the  rule  of 


p|-|   I  [  j  "  three-upon- three,"  reversing  the 


direction  of  each  course  as  shown 
in  the  figure.  The  kiln  being  filled, 
the  top  course  is  laid  with  flat  bricks,  so  disposed  that  one  brick  covers 
part  of  three  others  ;  which  process  is  called  ^Za^ttn^. 

98.  Firing. — The  kiln  being  filled,  the  firing  succeeds,  and  this  is  a 
most  delicate  operation,  and  one  that  requires  much  experience.  The  fuel 
is  kindled  under  the  arches,  and  requires  close  watching  and  attendance, 
for  being  in  a  large  body,  it  would  bum  violently  and  produce  a  sudden 
heat  such  as  would  crack  and  spoil  the  lowest  bricks.  To  check  the  bum- 
ing,  the  arch  holes  or  mouths  are  closed  with  dry  bricks,  or  even  smeared 
with  wet  clay,  in  order  to  prevent  the  entrance  of  air  and  the  rapid  combus- 
tion that  would  ensue.  The  fire  must  be  made  to  smother  rather  than 
bum,  in  order  that,  by  its  gentle  heat,  it  may  evaporate  the  humidity  that 
remains  in  the  bricks,  and  produce  drying  rather  than  burning.  This  slow 
fire  requires  to  be  kept  up  about  three  days  and  three  nights,  by  occasionally 
opening  the  vents  to  supply  air  and  additional  fuel,  and  closing  them,  until 
the  fire  gets  up,  as  the  workmen  call  it,  that  is  to  say,  until  it  has  found  its 
way  through  all  the  chinks  and  openings  between  the  bricks,  and  begins 
to  heat  those  at  the  top  of  the  kiln. .  To  ascertain  the  prof^ess  of  the 
fire,  the  top  of  the  kiln  must  be  watched,  and  as  soon  as  the  smuke  changes 


\ 
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eoloof  from  a  light  to  a  dark  hue,  the  drying  is  oompletei  and  the  fire  may 
be  urged.  The  first,  or  white  smoke,  called  water-smoke,  is,  in  fact,  little 
else  bat  the  steam  of  the  water  while  evaporating,  and  when  that  is  gone, 
the  real  smoke  of  the  fuel  succeeds.  Now  the  Tents  may  be  opened  to 
admit  a  full  draught,  and  a  strong  firekept  up  for  from  forty-eight  to  sixty 
hours;  but  the  heat  mnst  not  be  white,  or  so  strong  as  to  melt  or  vitrify 
the  bricks,  and  whenever  it  appears  to  be  increasing  too  rapidly,  the  vent 
must  be  partly  closed.  By  this  time  the  kiln,  if  it  contains  thirty-five 
courses,  will  be  found  to  have  sunk  about  nine  inches ;  but  the  stronger 
the  clay  the  more  it  will  shrink,  and  it  is  by  this  sinking  that  the  workman 
knows  when  the  kiln  is  sufficiently  burnt.  The  experience  of  burning  a 
few  kilns  will  show  how  much  the  clay  of  that  particular  place  yields  to 
the  firing.  When  it  is  thus  ascertained  that  the  kiln  is  ready,  the  vent- 
holes,  and  all  other  chinks  through  which  air  can  enter,  are  carefully 
stopped  with  bricks  and  clay.  In  this  state  it  remains  until  the  bricks 
are  cold  enough  to  be  taken  down,  when  they  are  distributed  for  use. 

From  the  nature  of  the  above  process  it  will  be  evident  that  bricks  of 
very  different  qualities  must  be  found  in  the  same  kiln ;  for,  as  the  fire 
is  all  applied  below,  the  lower  bricks  in  its  immediate  vicinity  will  be 
burnt  to  great  hardness,  or  perhaps,  vitrified ;  those  in  the  middle  will 
be  well  burnt ;  and  those  at  the  top,  which  are  not  only  most  distant 
from  the  fire,  but  more  exposed  to  the  open  air,  will  be  too  little  burned 
OT  pild;  conseqently,  if  they  are  to  be  used,  they  must  be  reserved  for 
inside  work  that  is  not  exposed  to  the  weather,  or  they  will  soon  fail 
and  crumble  to  pieces. 

84.  Ikoiah  kilks.— The  kiln  walls  may  be  built  of  kachchhd  bricks 
plastered  with  mud,  and  repaired  with  the  same  material  from  time  to 
time ;  they  should  slope  on  the  outside  about  one  foot  in  five,  and  be 
plastered  with  mud  and  bhusa. 

There  are  various  methods  in  practice  in  India  of  filling  and  firing  a 
kiln  of  the  same  construction  as  the  above. 

l«t.— 'Laying  alternate  complete  layers  of  wood  fuel  and  of  bricks,  the 
flues  passing  only  5  or  6  feet  into  the  interior  of  the  kiln,  all  the  rest  of 
the  floor  being  occupied  by  the  first  layer  of  fuel. 

2nd, — Arranging  the  bricks  in  a  second  set  of  fines  five  or  six  courses 
above  the  first,  and  crossing  them  at  right  angles ;  and  so  on  with  flues 
alternately  in  these  two  different  directions  to  the  top  :  or 
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3re?.— Having  as  before,  one  series  of  flues  at  bottom,  and  above, 
alternate  complete  layers  of  bricks  and  fuel. 

36.  Mahewah  Brick-field. — The  following  account  of  the  working 
of  the  brick-field  at  Mahewah,  near  Roorkee,  where  operations  were  (in 
1867)  carried  on  in  the  English  style,  will  be  further  illustrative  of  the 
foregoing  paragraphs,  and  supply  more  detailed  information.  The  de- 
tails are  illustrated  in  Plate  IV. 

The  Earth  for  making  the  bricks  is  prepared  from  the  spoil  bank  of  an  old  cat* 
ting  ;  down  the  middle  of  this  bank  a  deep  trench  has  been  dng,  which  fills  with  water 
in  the  rains,  and  is  supposed  partially  to  temper  the  clay. 

The  Pttg-mill  {Fig.  1)  is  snnk  2t  feet,  so  that  the  clay  may  be  tilted  in  by  an  easy 
ramp  leading  to  the  top,  and  at  the  same  time  the  men  below  may  be  able  to  lift  the 
prepared  clay  to  the  level  of  the  ground.  The  casing  of  the  mill  is  made  of  ^-inch 
sheet^iron,  4  feet  high,  and  3  feet  diameter  at  top  and  bottom.  The  casing  is  raised 
12  inches  from  the  bottom  of  the  pit,  and  half  the  mill  is  bricked  up  ;  the  clay  oos* 
ing  out  of  the  opening  thus  formed  on  the  nnbricked  side.  The  shaft  is  made  of  2|-inch 
square  bar  iron,  having  7  iron  blades,  4  inches  X  i  inch,  and  supported  at  the  top  on 
three  sides  by  T-iron  struts,  the  fourth  being  open  to  leave  room  for  tilting  in  the 
earth.  The  uppermost  blade  is  !(  feet  from  top  of  iron  sheeting,  and  inclined  at 
about  25%  the  angle  increasing  with  each  blade,  the  lowest  one  being  70®.  The  lever 
is  15  feet  long,  and  worked  by  a  pair  of  bullocks.  This  mill  is  sufficient  to  supply 
six  tables. 

The  Moulding  talle$  are  6}  X  2}  X  2^  feet ;  to  each  is  fixed  the  lower  part  of  the 
mould,  {Fig.  2,)  and  an  iron  basin  holding  water  in  which  the  wooden  strike  is  kept. 
The  strike  should  be  made  of  deodar  or  some  fir  wood,  and  a  new  one  issued  daily 
to  each  table.  At  right  angles  to  the  table  and  to  the  left  of  the  mould  it  the  page, 
{Fig.  8,}  consisting  of  two  parallel  i-inch  rod  iron  bars  about  7  inches  apart,  bolted 
at  one  extremity  to  the  frame  of  the  table,  and  at  the  other  to  an  upright  plank,  and 
supported  at  the  centre  by  another  upright  plank.  Under  the  table  is  a  strut,  imme- 
diately below  the  centre  of  the  mould,  to  prevent  any  **  kick  "  or  spring  from  the  table. 
This  should  be  looked  to  and  be  wedged  up  every  day. 

The  Brick  mould  {Pig.  4)  is  of  -i^-inch  iron,  10  X  4|  X  8|  inches,  l&side  me«« 
surements  ;  when  put  on  the  table  it  rest^  on  the  four  adjusting  screws  A,  A,  &c., 
{Fig.  2,)  whioh  are  so  regulated  that  the  bricks  turned  out  are  the  required  thickness, 
31  inches.  The  tops  of  these  screws,  as  also  the  parts  where  the  mould  rests,  become 
indented  from  the  constant  blows  on  them  and  might,  with  advantage,  be  steeled. 
The  bottom  of  the  mould,  which  is  also  iron,  has  a  die  upon  it,  8  x  2}  inches, 
raised  |-inch  ;  this  makes  an  indentation  in  the  brick  which  is  intended  to  hold  the 
mortar,  and  enables  the  mason  in  building  to  draw  the  joints  very  fine.  To  mark  the 
brick,  the  letters  G.  C  (Ganges  Oanal)  are  raised  ^-inch  on  the  die.  A  wet  brick,  as 
turned  out  of  the  mould,  weighed  4  seers  12  chittacks ;  when  sun-dried,  8  seers  12 
chittacks.  * 

Moulding  and  Stacking. — The  man  who  prepares  the  clay  into  suitable  lumps  for 
the  moulder,  must  be  careful  to  make  each  lump  soKd,  without  cracks,  by  repeatedly 
thumping  and  pressing  it  on  the  table,  as  these  cracks  form  blemishes  in  the  moulded 
brick.    At  the  same  time  he  must  be  careful  in  keeping  his  part  of  the  table  well 
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The  mould  is  cleaned  first  with  water  and  then  sanded,  the  die  being  cleaned  when 
necessary  with  a  country  made  horse-bmsh.  The  monlder  takes  one  of  these  prepared 
lumps  in  both  hands  and,  raising  it  above  his  head,  throws  it  into  the  mould  ;  he 
then  clears  off  the  superfluous  clay  with  his  hand  (taking  care  to  leave  the  full  amount 
required)  and  pressing  the  remainder  into  the  mould,  strikes  it  with  a  small  wooden 
straight  edge  ;  the  strike  is  cleaned,  as  it  is  put  back  into  the  water,  agunst  the 
sharp  edge  of  the  iron  bowl. 

Having  moulded  the  brick,  he  places  the  mould  sideways,  with  a  smart  blow,  on 
the  bars  of  the  page,  which,  by  their  spring  shake  the  brick  loose  ;  he  then  places  a 
board  19  X  6  X  i  inches  against  the  lower  side  of  the  mould,  and  putting  the  board 
flat  on  the  bars  of  the  page,  with  the  brick  and  mould  resting  on  it,  removes  the  mould, 
and  slips  the  board,  with  brick  npon  it,  along  the  bars  of  the  page  to  make  room  for 
the  next. 

The  bricks  are  sanded  and  carried  away  on  the  boards  in  hack-barrows  (Fig.  5), 
which  hold  26  (viz.,  13  on  each  side).  The  hacks  are  on  terraces,  raised  9  inches  from 
the  ground,  and  covered  with  a  layer  of  flat  bricks  laid  dry  ;  they  are  three  bricks 
broad,  so  as  to  hold  two  rows,  and  long  enough  to  hold  the  day's  work  of  a  moulder, 
as  putting  on  a  second  course  the  same  day  spoils  the  shape  of  the  bricks.  A  monlder 
can  make  1,000  bricks  per  day ;  and  when  working  by  contract,  1,500. 

In  hacking  the  bricks,  they  are  lifted  from  the  hack-barrow  between  two  pallets, 
vis.,  the  original  one  below  the  brick  and  another  put  on  the  top ;  by  this  means  the 
shape  of  the  brick  is  not  injured  ;  they  are  placed  at  once  on  edge,  with  the  distance 
equal  to  the  thickness  of  a  pallet  between  them,  and  each  brick  breaking  joint  with 
the  one  below ;  the  top  of  each  row  must  be  sanded  before  the  next  b  put  on. 
The  number  of  hands  employed  at  six  tables  are :— ' 

8  men  to  dig,  prepare  earth  and  pnmp  water. 

8    ,1    to  wheel  prepared  earth  into  the  png-milL 

2  „  to  take  the  earth  as  it  comes  ont  of  the  png-mill  and  place  it  in  lumps 
on  the  level  of  the  ground. 

2    „    to  carry  the  lumps  from  png-mill  to  moulding  tables. 

6  „  (one  standing  opposite  each  moulder)  to  prepare  the  earth  in  snitable 
and  compact  lumps  for  moulder. 

6    „    moulders. 

6    „    (one  to  each  table)  to  carry  the  bricks  away  and  hack  them. 

One  pair  of  bullocks  to  work  png-mill. 

2  boys  to  turn  the  bricks  on  their  backs  while  drying. 

Total,  I  ^l  ^^"»  j  and  one  pair  of  bnllocks. 

The  moulders  are  paid  Rs.  €  per  mensem,  the  other  labourers  from  4  to  5  rboys, 
from  Rs.  2  to  8. 

irt/n«.^The  floors  of  the  kihis  are  level  with  the  ground,  the  flues  and  ash-pit  are 
sunk  4  feet.  The  flues  face  N.  and  S.,  that  is  at  right  angles  to  the  direction  of  the 
prevailing  wind. 

The  fuel  is  thrown  on  to  the  iron  bars  of  the  4ue8  through  an  iron  door  (Pig,  6,) 
which  must  be  always  kept  shut,  except  when  supplying  the  fuel,  as  an  immense 
amount  of  heat  is  lost  if  it  be  left  open  $  and  this  the  stokers  are  very  apt  to  do, 
unless  closely  watched,  as  the  doors  aie  difficult  to  open.  By  putting  an  iron  ring  on 
the  door  instead  of  the  knob  handlei  as  at  present,  and  opening  with  a  detached  hook, 
thia  diffieoltj  might  ba  obyiated. 


I'LATE  IV. 


FiQ.  9. 

SECTION   ON    A  BCD, 


Pig.  7, 

PLAN   or   KILN 


Ffo.  13. 

SECTION   OF    ANCtC   IKON, 

ON    WHICH    THE   IftON 

CKATINCS   REST. 
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The  Bill  of  the  doors  is  raised  6  inches  above  the  top  of  the  grating. 
There  axe  two  sizes  of  kilns  in  nse  at  Mahewah.    Figt.  6, 7, 8,  9, 10, 11, 12  and  13, 
give  all  the  dimensions  of  the  larger  size  as  bailt  at  present ;  bnt  only  one  or  two  kilns 
of  this  size  hare  aa  yet  been  fired.    From  the  experience  gained  in  baming  these  it 
is  proposed  to  make  the  following  alterations  in  the  next  ones  bnilt 

The  two  flying  buttresses  on  each  side  will  be  remoyed,  as  they  make  the  stoke-hole 
80  hot  towards  the  end  of  the  bnming  that  the  stokers  can  hardly  cemaln  there,  at  the 
same  time  the  walls,  which  are  at  present  too  thin,  are  to  be  made  4  feet  6  inches  at 
bottom  and  3  feet  at  top,  and  buttresses  left  only  at  the  four  comers.  The  fines  are 
to  haye  only  three  sets  of  bars  each  (with  9  bars  in  each  set),  the  remainder  of  the 
fine  being  sloped  np  (shown  in  every  second  one,  Fig.  7),  as  with  fonr  sets  of  bars 
the  flue  is  too  long  to  stoke  properly. 

This  kiln  holds  165,000  bricks.  The  walls  are  bnilt  q{  ptld  bricks  set  in  mnd  and 
well  ^  leeped,"  both  inside  and  out  The  kilns  now  baming  are  converted  from  Sindh 
kilns,  which  were  already  standing,  and  several  dimensions  had  to  be  adapted  to  cir* 
cumstances ;  one  chief  point  being  that  the  end  flues  are  put  too  far  in  from  the 
side  walls. 

The  small  kiln,  built  on  Mr.  Hio^mott's*  plan  (measuring  ^0  X  18  feet,  and  U  feet 
high  inside)  has  the  walls  4  feet  thick  up  to  the  level  of  the  ground,  and  d|  feet  thick 
to  the  top  :  the  two  long  walls  have  a  slope  of  1  to  12  inwards,  which  appears  to  be  a 
good  constraction,  not  only  in  strengthening  the  walls  but  by  keeping  in  the  heat 
There  are  only  four  flues,  5  ^  feet  apart,  the  two  end  ones  being  2{  feet  from  the  side  walls. 
Below  the  door  of  the  flue  is  an  iron  damper  to  regulate  t]^  draft ;  it  has  been  found 
that  when  these  are  shut,  the  heat  becomes  so  great  in  the  flues  that  the  bars  of  the  gra- 
ting are  bent  and  rendered  useless,  and  the  arch  bricks  fuse  ;  they  have  therefore  been 
discontinued  in  the  new  kilns.  The  same  effect  is  produced  if  the  ashes  are  allowed  to 
accumulate  in  the  ash-pit,  which  must  be  kept  constantly  raked  out 
This  kiln  holds  65,000  bricks. 
The  price  of  the  iroti-work  al;.the  Uoorkee  Workshops  is  as  follows  :^ 

1  Fire-door,  at  Ss.  15  each. 

1  Fire  bar,  7  seers  6  chittacks,  at  Ra.  9  a  mantidi 

1  Angle-iron  support,  12  seers  8  chittacks,  at  Rs.  9  a  maimd. 

1  Iron  brick  mould,  at  Rs.  1-8  each. 

1  Table  complete  (including  table,  die  for  brick  mould  and  page),  at  Rs.  102. 

1  Pug-mill  (iron  work),  at  Rs.  175. 

1  Hack  barrow,  at  Rs.  28.* 

1  Earth  barrow,  at  Ks.  12. 

In  loading  the  Jtiln^  the  bricks  for  the  first  11  courses  are  laid  on  edge  dose  to« 
gether  in  parallel  walls  {Fig,  14)  with  5  inches  interval  between  each  wall,  and  5  inches 
between  the  inside  long  wall  ot  kiln  and  the  first  wall  of  bricks.  Where  these  parallel 
walls  eross  the  fines,  the  bricks  are' corbelled  out  {Fig,  15)  meeting  in  the  11th  course. 
As  it  is  most  important  that  these  openings  should  be  properly  built  (as  their  falling 
in  smothers  the  fires  and  causes  every  conceivable  damage),  a  triangular  wooden  cen- 
tering is  used  to  ipsure  regularity  and  proper  bond.  Another  important  point  is  that, 
the  parallel  walls  should  be  built  perfectly  plumb  and  straight,  aS  any  unequal  pies- 
sure  coming  on  them  when  the  bricks  are  soft  from  the  intense  hcAti  canses  the  wall  to 

•  In  ofaarge  ot  the  Isrgs  Govsmmtat  Briok-yvd  at  Akra,  assr  Oaloatta. 
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give  in  that  direction,  and  the  bricks  abore  of  coarse  fall  in.  The  centre  wall  is  one 
or  two  bricks  thick  (according  to  the  room  left)  with  no  openhig  for  flaet ;  the  brickSi 
however,  are  placed  on  edge  not  quite  touching,  so  tiiat  the  commimication  beiweea 
the  sets  of  fines  on  each  sids  is  not  entirely  cnt  off. 

In  the  12th  conrse  {Fig,  16)  the  bricks  are  laid  on  edge,  on  the  parallel  walls,  with 
the  interval  of  a  brick,  between  each,  and  the  openings  between  the  walls  are  bridged 
over  by  bricks  on  edge,  alternating  with  those  on  the  wall 

The  18th  coarse  is  laid  on  edge,  at  an  angle  of  45®  to  the  walls  of  the  kihiiWith  the 
interval  of  abont  an  inch  between  each  brick. 

The  Uth  coarse  is  laid  on  edge,  parallel  to  the  tide  of  the  kiln,  leaving  intervals  of  1 
inch  ;  the  upper  conrses  are  built  each  at  right  angles  to  the  one  below,  the  intervds 
getting  smaller,  till  the  last  5  conrses,  in  which  the  bricks  are  placed  close  together, 
and  a  top  conrse  of  bribks  laid  flat ;  over  all  this  is  put  two  layers  of  iipla. 

If,  whilst  loading,  there  is  any  chance  of  lain,  light  king-post  trasses,  made  of  angle 
iron,  are  thrown  across  the  top  of  the  kiln ;  these  are  connected  together  by  stout 
ropes  and  bamboos,  and  small  chhappart  (12  X  10  feet)  are  placed  on  them. 

Soft  woods  and  dhdk  (which  is  generally  moj^  or  less  decayed)  are  a  bad  description 
for  burning,  as  they  smoulder  and  do  not  give  a  brisk  fire  ;  of  kikar,  §iitu,  or  any 
hard  wood,  less  than  three-fourths  the  quantity,  as  compared  with  the  soft  wood,  is 
required. 

In  firitu^  the  kiln,  the  arrangements  are  as  fallows  :— 

Commence  firing  in  the  evening  with  chips,  just  enough  to  warm  the  kiln  (1  man  to 
8  doors).  On  the  second  evening,  this  small  fire  should  be  pushed  back  to  the  end  of 
the  flues.  Third  evening,  the  fire  (still  kept  very  low)  is  brought  to  the  front  again* 
Fourth  evening,  the  firing  is  forced  on  vigorously  ;  2  men  are  now  put  on  to  e\'ery  3 
doors,  and  the  firemen  are  relieved  every  12  hours.  During  the  night,  go  to  the  top 
of  the  kiln,  and  should  the  fire  be  breaking  out  at  any  place,  it  must  be  immediately 
stifled  by  throwing  a  few  baskets  of  ashes  over  the  place  where  it  is  doing  so.  This 
must  also  be  done  on  the  next  two  nights,  as  that  is  the  only  time  you  can  see  how 
the  kiln  is  burning. 

The  flres  are  kept  up  as  strong  as  they  can  be  till  all  the  wood  is  bomt ;  the  quan* 
tity,  under  ordinary  circumstances  for  the  small  kiln,  being  about  10,000  cubic  feet  oi 
2,000  maunds  of  dhdk  wood,  or  three-fourths  of  the  same  weight  of  sUiu,  kikart 
ISM,  or  any  hard  wood  ;  taking  the  latter  at  4  cubic  feet  to  the  maund.  This,  if 
fired  properly,  will  take  3  days  and  3  nights  of  dow,  and  8  days  and  3  nights  of 
vigorous,  firing.  When  the  kiln  is  burnt,  it  looks  at  night  from  the  top  like  a  molten 
mass,  and  appears  almost  transparent. 

When  the  firing  is  stopped,  the  top  of  the  kiln  should  be  covered  at  once  with  6 
inches  of  ashes.  The  doors  are  left  ajar  for  12  hours,  after  which  they  are  opened, 
and  the  whole  of  the  openings  carefully  bricked  up. 

In  the  first  kiln  burnt,  the  openings  were  bricked  up  at  once,  and  the  bars  and  supports 
of  the  grating  were  found  doubled  up  and  rendered  useless  ;  whereas  four  kilns  have 
now  been  closed  in  the  manner  recommended,  and  the  grating  bars  are  still  good. 

The  kiln  should  on  no  cdnsideraiion  be  opened  under  15  days,  and  the  longer  they 
are  left,  of  coarse  the  better  the  bricks  will  anneal. 

The  average  weight  of  4  pahka  bricks  after  exposure  to  the  cold  weather  rains  was 
3  seers  lOf  chittacks  each  ;  and  after  soaking  for  24  hours  in  water,  3  seers  14|  chit- 
tacks  }  average  of  absorption,  4  cMttacks,  or  little  more  than  fg  of  its  weight    The 
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brickfr  were  then  placed  in  the  son,  tilted  up  on  a  sine  roof  for  seven  perfectly  dry  and 
cloodfeflt  daye>  in  April,  and  it  was  found  fchaft  their  weight  averaged  exactly  the  same, 
8  seera  10|  ohittaoha,  showing  that  they  had'  not  abaoi))ed  nos9>  tibAO  a  normal 
amount  of  nwistnro  at  the  tiflM  of  firrt  weighiiig. 

Anotiier  paikkd  brick  atraight  fvom  the  kifai,  weighed  a  seers  9t  chittacka  {  after 
soaking  it  in  water  for  15.  minntes,  it  weighed  4  seers  (all  bubbling  having  ceased 
after  abont  18  minutes).  After  6  days'  immersion,  it  weighed  4  seers  0|  chittacks, 
showing  that  a  brick  has  absorbed  nearly  all  the  water  it  is  capable  of  doing  aa  soon 
as  it  oeaaes  to  give  off  babbles^  aad;  thai  a  quarter  of  an  hour  is  ample  time  for  soak- 
ing bricks  before  using.  On  soaking  paMMA  bricks  straight  from  the  kiln,  they  absorb* 
ed  on  an  average  6^  eMttacks  ;  while  those  which  had  been  expoasd  to  the  weather 
absorbed  only  4  chitlacks  of  water,  showing  that  these  bricks  aaJ^uaUy  absorb  about 
2|  chittacks  from  tfie  atmosphere  in  ordinary  weather. 

Out-tunu^K  s  these  are  the  first  kilns  of  the  kind  thatJaYtt  bna  knini  at  Mahewahi 
the  results  must  be  considered  only  as  experimental :— 

BXXVBNS  OF  BHALL  KILN  AT  HABBWAH. 
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There  is  no  doubt  when  these  kilns  are  once^airly  started,  that  the  out-turn  will  be 
far  in  excess  of  that  here  given. 

^  Cost  —The  bricks  turned  out  from  these  kilna  are  of  excellent  quality,  being  well 
burnt  and  well  shaped.  It  is  impossible  to  estimate  their  exact  cost  without  further 
experience ;  but  the  following,  taken  from  the  data  above  given,  may  be  considered 
an  approximation  ;  though  doubtless  the  cost  will  be  reduced  when  the  brick-yard 
is  in  fall  working  order. 

Approximat&  Estimate  of  the  cost  of  a  small  Hickmot^s  kiln,  to  hold  65,000  bricks. 

^'  ft  Ba 

7,900    Pild  brick  in  mud,  at  Bs.  5  per  100  cubic  feet,        •  •        •  •      895 
6,400    Excavation^  at  Ks,  2-8  per  1,000  cubic  feet,    •  •        ,  •        ,  •        16 


Carried  forward, 
•  Tbi*  kiln  spoiled  b^  rain. 
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Na  Bronght  forward, 

8   Irtm  doom,  at  ba.  15  each,       

82  Angle-ixoD  rests,  10  mannds,  at  R&  0  a  maimd, 

216  Grating  bars,  40  maimds,  at  Bs.  9  a  mannd,  •• 


•• 


•  t 


Total  Rupees, 
ContisgencieSi  at  Bs.  5  per  cent.. 


411 

120 

90 

860 

981 
49 


6  Moulders,  at  Bs.  6, 
15  Men,  at  Ba.  5,    •• 

7  „      »       4,    •• 
2  Boys,  at  Bs.  8, 


1 1 


f  • 


•  • 


•• 


Grand  Total,  Bnpees,       ••    1,090 
Moulding, 

86 
76 

28^permontlL 
6 


2    Bollocks,  at  Bs.  15, 15 

160  =  cost  of  monlding 
156,000  bricks,  i. «.,  1,000  bricks  per  moulder  per  day  of  26  working  days—or  abont 
1  Bnpee  per  1,000. 

Approximate  eort  of  kiln  of  brieks, 

B8.  jL  p. 

Monlding  65,000  bricks,           «        ,.        ,,  66    0    0 

-i^^  cost  of  kiln  for  each  burning,        •        . ,        , ,  X03    0    0 

Loading  and  unloading  kiln, ,,         ..  15    0    0 

.     2,500  mannds  of  wood,  at  Bs.  12  per  100  maunds,    • SOO    0    0 

Wages  of  firemen,         900 

Plant,  Buperyisipn,  &c., •        50    0    0 


Total  Rs.,..  543    0    0 
Taking  No.  4, or  the  last  firing  (in  Table  of  Besnlts),  as  the  least  oot-turu  that  may 
fairiy  be  expected  from  the  small  kiln  (the  other  three  being  experimental  only),  and 
2nd  class  bricks,  as  eqnal  to  half,  and  pild  andejhdmd  to  one-fifth  the  value  of  Ist 

class  bricks,  then  the  whole  out-turn  will  be  equal  in  yalne  to  45,800  -f  — — -.  4. 

5,400  +  2,700         ei  .r/JA  1   *    1         V  •  u 

.2 -^ — - —  =  51,760  Ist  class  bncks. 

5 

Hence  the  approximate  cost  of  the  bricks  may  be  pnt  down  as^^ 

10*5  rupees  per  1,000  for  Ist  class  bricks. 
5-25  „  2nd         „ 

2*1  „  pUd  hn^jhdma. 

Coat  of  Bricks. — The  cost  of  bricks  at  a  brickfield  lately  working  between 
Koorkee  and  Saharunpur  is  as  follows  : — The  bricks  being  9  X  4^  x  2J 
inches,  well-shaped,  and  of  excellent  quality — the  clay  being  dug  and  tem- 
pered on  the  spot  without  a  pug-mill«— the  kilns  of  the  same  kind  as  those 
described  in  the  text,  at  Mahewah— Moulding  and  stacking,  Hs.  130 
per  lakh  ;  Loading  kiln,  Re.  0-5-0  per  1000  ;  Unloading,  Re.  0-5-0 
per  1;000  ;  JLabour  for  burnings  Rs.  85  per  lakh  ;  Wood;  Rs,  16  per  100 
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tDkiudi ;  4,260  mknnclB  being  burnt  pet  lakh  of  brickti.  Each  kiln  liolili 
11,000  bricks,  of  which  8,000  are  pahki  and  the  rest  pUi.  Cost  of  niak< 
ing  a  kiln,  Rs.  150. 

It  bums  four  dajs  and  nightB^cools  in  eight  daya  and  nights— loada 
in  fire  days— nnloada  in  five  daya. 

86>    BiKDB  OS  Flahs  Eilk.— Another  kind  of  kiln,  which  has  long 


been  in  great  favour  at  Roorkee  and  elaewhere,  (having  produced  very 
BatiBfoctoiy  reaulta,  es- 

.   ,;         ,  ..  SECTIOH  ON  AB 

pecittUy  where  time  was 
an  object,  bnt  being  per- 
haps iaferioi  in  an  eco- 
nomical point  of  view  to 
the  English  form  of  kiln 
above  described,)  is 
known  by  the  name  of 
the  Sindh  kiln,  having 
been  introduced  from  that  country  into  these  Provinces  by  Cept.  J.  H. 
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Weller;  BjB.,  ^o»e  esperienee  of  itfl  sneceMfal  woildng  at  Hyderabad 
in-  Sindb,  hacr  been  made  'profitably  aTa3id>le  in  many  qoarters.  Th«  kiln 
in  me  at  Roorkee,  is  in  some  of  its  details  slightly  modified  fcom  that 
first  comsthicted  herec  nnder  Gaptain  Weller^s  pensonal  dinectiom 

Its  interior  dimensions  are  81  feet  6  incke»by  11  foct,  and  height  6 
feet  6  fnchei'  abo^e  the  flnesi  Ha  Htke  interior  of  the  kiln,  is  a.  aeriea  of 
parallel  walls  mnning  from  end  to  end,  6  inches  apart,  and  in  height 
4  or  5  feet  Three  lines  of  arched  openings  in  these  walls,  form  the  fines 
passing  firom  side  to  side  of  the  kiln,  open  on  one  side  for  the  snpply  of 
fnel,  and  at  the  other  having  small  draft  openings  (which  latter  hare 
not  been  fonnd;  at  Roorkee  to  be  of  mnch  nse). 

The  fioot  is  snnk  8  feet  below  the  level  of  the  ground,  and  access  to 
the  months  of  the  finecr  is  given  Zj  sloping  away  the  ground  on  that 
side  of  the  kiln,  down  to  the  level  of  the  floor. 

The  whole  interior  of  the  kiln  above  the  parallel  walls  is  filled  with 
bricks,  at  first  with  small  intervals,  and  above  packed  close.  No  ashes 
are  spread  on  the  top,  or  covering  of  any  sort.  A  vigorous  fire  is  kept 
np  by  eontinned  fresh  snpplies  of  fael  for  forty-eight  honrs,  and  the 
kiln  is  then  allowed  to  cool* 

In  this  system,  the  loss  by  breakage  is  trifling,  and  the  heat  being  very 
equably  diffused,  the  return  of  well  burned  bricks  is  more  satisfactory 
than  in  any  of  the  other  systems  that  have  been  tried. 

A  kiln  of  the  dimensions  noted  above,  contains  15,500  bricks  of  the 
usual  Roorkee  size,  (12  X  6  X  2^  inches,)  and  the  average  proportion 
of  pakkdis  81  to  82  per  cent. ;  some  kilns  have  yielded  a  return  of  9*28 
per  cent. 

The  consumption  of  dry  wood  is  about  575  maunds  for  each  kiln  fired 
forty-eight  hours.  The  flues  should  be  roomy,  and  before  lighting 
should  be  filled  up  with  the  largest  and  most  awkward  shaped  logs  of 
firewood.  These  heavy  pieces  cannot  easily  be  got  into  the  fires  after 
they  are  lighted,  and  have  the  advantage  of  giving  a  steady,  and  at  the 
same  time  not  too  violent,  heat  for  the  first  few  hours ;  this  is  necessary  in 
order  to  dry  the  bricks  gradually.  If  too  intense  a  heat  is  applied 
suddenly  at  first,  it  is  liable  to  "  run  "  the  bottom  courses  and  arches, 
thereby  stopping  the  draught  and  leaving  the  upper  courses  quite  unbumt. 
When  the  bricks  are  dry,  which  will  be  after  (about)  twelve  hours,  accord* 
ing  to  the  seasoui  and  may  be  ascertained  by  the  cessation  of  white 
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rapour  passing  from'th«  top  of  the  kiln,  the  fires  may  be.  increased!  tUl 
the  bricks  are  as  nearly  white  hot  atrthetopas  tfaay  caabemwie.  Tbe 
two  npper  courses  can  nerer  be  mad^  qiiite  <white  hot 

The  kiln  will  be  burnt  in  a  period  rarying  with  the  strength  jtfaid  direc- 
tion  of  the  wind,  thd  qnality  of  the  wood,  and  aboT^all,  with  the  amoant 
of  attention  and  labour  bestowed  on  the  firing.  The  least  irregularity  in 
firing  is  fatal  i  the  arches  from  getting  cold,  and  then  suddenly  hot  again, 
are  almost  sure  to  fall  before  the  burning  is  completed,  and.  eyen  if  tibey 
do  not,  the  bricks  in  the  kiln  are  sure  to  be  "  shuffs."  If  the  wood  is 
stacked  pretty  near  the  kilns  (say  150  feet  off),  five  or  six  men  for  each 
fire  will  be  necessary.  Thus  for  a  kiln  with  ten  flues,  fifty  men  (at  least) 
should  be  allowed,  and  divided  into  anight  and  a  day «-gang,  with  at  least 
one  peon  to  each  side  of  the  kiln  to  look  after  them. 

During  the  hot  winds,  it  is  yery  necessary  to  build  a  thin  wall  of 
hachchhd  bricks  to  windward,  to  act  as  a  screen,  as  without  it- all  the 
fire  goes  to  leeward,  and  the  bricks  to  windward  are  Mpild,  while  those 
to  leeward  are  jhama. 

Dry  hahul  wood  {Acacia  arabica)  of  about  four  to  six  inches  tliick,  and 
as  long  and  straight  as  can  conreniently  be  obtained,  is  the  best  fael 
in  the  North-West  Proyinces ;  but,  unfortunately,  it  is  much  more 
scarce  and  expensiye  than  dhdk  {Butea  frondosa)^  which  accordingly  is 
generally  used. 

All  wood  for  fuel,  but  most  especially  dh&h^  should  be  allowed  to  get 
well  dry  before  being  used,  phak  loses  fit  least  25  per  cent,  in  weight 
in  three  or  four  months  from  the  time  it  is  cut. 

When  the  firing  of  the  kiln  is  completed,  a  coyering  of  dry  ^arth,  not 
less  than  four  inches  deep,  should  be  thrown  all  oyer  the  top  of  the  kilui 
the  flue  openings  built  up  carefully  with  hachchha  bricks  and  mud,  and  the 
bricks  left  to  anneal.  A  kiln  of  the  size  mentioned  aboye  will  require  to 
stand  sixteen  or  twenty  days  before  being  touched,  care  being  taken  all 
the  time  that  none  of  the  walls  topping  the  flues  fall  down.  After,  say 
eighteen  days,  the  flues  to  leeward  may  be  opened,  and  next  day  those  to 
windward ;  after  two  days  more,  the  earth  may  be  taken  off  the  top,  the 
openings  for  flUing  and  taking  out  cleared,  and  the  bricks  remoyed* 

87.  The  cost  of  bricks  at  Roorkee  burned  in  this  kind  of  kiln  was 
lis,  750  per  lakh.  Kilns  therefore  were  used  only  because  the' demand 
for  bricks  was  greater  than  could  be  supplied  by  Hindustani  pazciwds 
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(or  clamps,  to  be  described  presently),  the  nnmber  of  wbich  is  limited  by 
the  quantity  of  litter  and  iipla  produced  m  the  neighbouring  Tillages. 
Extract  from  Report  by  Lieut.  O.  Span,  Deputy  Superintendent,  Gan- 
ges Canal. 

Memorandum  Bhowing  the  details  of  cost  in  the  mannfactnre  of  820,000  bricks. 

The  bricks  are  18  X  6i  X  8i  inchei. 

The  kiln  is  in  every  respect  the  Roorkee  "  Sindh  kiki  **  pattern,  ris.,81)XllX6; 
interior  dimensions,  and  having  three  sets  of  arches.  The  material  for  its  construe- 
tion  has  always  been  kachehhd  bricks,  and  the  arches  pild  bricks  with  mnd  cement 

The  nnmber  of  kilns  bamt  has  been  28,  and  the  average  quantity  of  wood  consnmed 
649  manndfl. 

The  ou^tam  for  the  season  gives  exactly  a  rate  of  B&  700  per  lakh,  and  94  per 
cent,  of  paJtkd  bricks. 

The  wood  nsed  has  been  exdarively  dhak  in  a  very^  dry  state.  I  fonnd  a  propor* 
tion  of  50  mauids  per  kiln  of  almost  green  wood  very  useful  for  regolating  the  fire  ; 
in  no  case  has  the  fire  been  fed  beyond  the  Specified  48  hours. 

On  closing  the  month  the  top  of  the  kiln  has  been  invariably  covered  with  a  coat- 
ing of  8  inches  of  ashes.  The  bricks  are  seldom  cool  enough  to  unload,  until  the 
seventh  day. 

The  annexed  memorandum  shows  the  exact  amount  of  expenditure  for  the  season. 
It  will  be  readily  understood,  that  had  all  the  bricks  been  made  at  the  same  place,  the 
rate  per  lakh  wonld  have  been  very  sensibly  less.  In  this  has  also  been  included  the 
cost  of  the  materials  used  in  the  construction  of  bricks  to  be  burnt,  as  well  as  the  con- 
struction itself. 

Actual  Cost. 

B8.    A.  P. 

Wood,  per  lakh  of  bricks,       862  8  0 

Bricks,  do.,          128  0  0 

Loading,  do'., 16  0  0 

Unloading,  do. 16  8  0 

Firing,  do.,         21  0  0 

Bepairs  to  arches,  do., 24  0  0 

Sundries,  do.,      • 11  8  0 

Making  kiln,  do.,           90  0  0 

Establishment,  do.,        82  0  0 

Total,    ..         ..     696    8    0 

This  is  of  course  exclusive  of  carting. 

Under  ^  bricks  "  is  included  the  cost  of  moulding  bricks,  for  the  actual  construction 
of  eight  kilns.    The  usual  rate  is  Rs.  75  per  lakh. 

Repairs  to  arches  are  rather  a  heavy  item  which  could,  however,  be  very  easily  kept 
down,  by  having  a  let  of  wooden  centerings ;  unfortunately  I  had  not. 

Making  kiln  is  here  a  very  heavy  item ;  it  would  have  equally  served  80  lakhs 
instead  of  8  only. 

The  more  extensive  the  brick-making,  the  less  the  rate,  inasmuch  as  a  few  kilns 
would  bum  any  number  of  bricks ;  an  item  that  runs  the  rate  up  where  the  localities 
are  numerous,  and  wonld  be  still  more  so  if  a  separate  establishment  was  required 
for  each. 
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The  proper  regnlation  of  the  fire  is  the  gi«at  secret  in  baming;  it  should  be  kept 
at  an  nniform  heat  thronghont  if  possible,  and  any  carelessness  at  the  close  of  the 
firing  endangers  the  kiln ;  and  excess  of  fuel  at  this  state  will  assuredly  cause  the  two 
bottom  layers  to  vitrify. 

The  relays  of  firemen  should  be  insisted  on.  Many,  through  avarice,  attempt  to 
carry  on  beyond  their  strength,  and  consequently  the  fire  is  but  feebly  fed.  Each 
watch  shonld  be  of  four  hours  duration,  certainly  not  longer. 

The  pokers  should  be  of  strong,  straight^  and  green  babul 

I  think  it  very  immaterial  which  way  the  kilns  face,  as  I  have  built  them  looking 
to  every  point ;  perhaps  it  would  however  be  as  well  to  avoid  the  west,  especially  if 
brick-bnming  is  to  be  continued  in  the  hot  weather. 

In  fiame  kilns  especially,  the  bricks  must  be  thoroughly  dry  before  being  loadedi 
or  the  great  pressure  will  otherwise  entirely  destroy  the  bottom  layers. 

Wood  to  be  in  lengths  of  six  feet,  and  as  much  as  a  man  can  conveniently  get  in, 
but  certainly  smaller  than  one's  leg. 

S8i  Ahra  Flame  Kilns, — Bricks  are  burned  at  Akra,  near  Calcatta, 
not  only  in  damps  with  coal  but  also  with  wood  in  Inlns, 

The  flame  kiln,  or,  as  it  is  called  in  some  parts  of  England,  close  kiln, 
18  of  great  importance  when  bricks  have  to  be  burnt  with  wood  fuel, 
when  it  would  be  difi&cult  to  produce  good  bricks  from  the  process  of 
''  clamping"  with  wood,  in  a  similar  manner  to  the  coal  clamping  system. 

The  size  of  the  kib  can  be  varied  to  suit  the  wants  of  the  locality.  The 
width  between  each  furnace  is  4  to  6  feet,  which  may  seem  unusually  large 
to  those  who  know  something  about  a  flame  kiln,  but  with  wood  it  an- 
swers well,  and  has  been  used  at  Akra  for  brick  and  tile-burning  for  three 
years.  The  usual  distance  is,  or  used  to  be,  2  feet  6  inches ;  extending 
it  to  6  feet  admits  of  a  saving  in  labour  for  burning,  of  more  than  half, 
besides  the  advantage  of  having  only  half  the  number  of  men  engaged 
in  so  difficult  and  skilful  an  operation. 

The  wind  is  found  at  Akra  to  afifect  very  much  the  firing.  The  kiln 
should  be  built  to  get  the  prevailing  winds  on  both  sides.  If  this  cannot 
be  done,  a  wall  should  be  built  to  screen  the  fires  from  the  action  of  the 
wind,  or  at  least  to  break  its  force  as  much  as  possible  at  front  or  back. 

The  quantity  of  mango  wood  required  to  bum  one  lakh  of  bricks  in 
a  flame  kiln  holding  that  number,  is  8,000  cubic  feet,  weighing  2,000 
maunds.  The  quantity  of  sundri  firewood  is  4,000  cubic  feet,  weighing 
2,000  maunds. 

89.  English  Clamp.— In  the  English  method  of  open  clamp  burning, 
without  any  kiln,  the  piling  and  disposition  of  the  bricks  is  the  same  as  that 
already  described,  (para.  32),  except  that  the  bottom  arches  are  much  small- 
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er,  as  ilx%j  are  only  intended  to  contain  brushwood  to  prodnce  the  first 
kindling,  and  not  for  the  future  supply  of  fuel.  No  fuel  is  used  except  the 
breeze  cinders  and  small  coal,  and  this  is  distributed,  by  means  of  a  sievOi 
with  wires  about  half  an  inch  apart,  oyer  eyery  course,  as  it  is  laid  near  the 
bottom,  and  oyer  eyery  alternate  course,  or  eyery  third  course  higher  up  in 
the  clamp.  The  first  layers  of  this  fuel  are  from  an  inch  to  an  inch  and  a 
half  in  thickness ;  but  they  diminish  as  they  ascend,  because  the  action  of 
the  heat  is  to  ascend,  consequently  there  is  not  the  same  necessity  for  fuel 
in  the  upper,  as  in  the  lower  part  of  the  clamp.  The  brushwood  in  the 
bottom  ignites  the  lower  stratum  of  fuel,  and  from  the  nature  of  its 
distribution,  the  yertical  as  well  as  horizontal  joints  will  be  filled  with 
it,  and  thus  the  fire  gradually  spreads  itself  upwards,  and  the  whole 
clamp  is  nothing  but  a  mass  of  bricks  and  burning  fuel.  The  heat  is 
therefore  much  more  generally  distributed  throughout  the  whole  mass; 
and  in  order  to  confine  it,  the  entire  outside  of  the  clamp  is  thickly 
plastered  with  wet  clay  and  sand,  the  bottom  holes  being  opened  or  shut 
as  occasion  may  require  for  regulating  the  draught  of  air. 

Notwithstanding  the  heat  is  much  more  equably  distributed  throughout 
this  form  of  kiln,  yet  the  outside  bricks  all  around  receiye  yery  little  ad- 
yantage  from  the  fire,  and  are  neyer  burnt;  but  being  on  the  outside,  they 
are  easily  remoyed,  and  are  reseryed  for  the  outside  casing  of  the  next 
olamp  that  may  be  built;  and  being  then  turned  with  their  unbaked  sides 
inwards,  some  of  them  become  ayailable.  On  taking  down  the  clamp,  the 
bricks  are  assorted  into  three  separate  parcels  or  yarieties,  according  to 
their  perfection  and  goodness.  Those  that  are  burnt  yery  hard  and  haye 
not  lost  their  figure  or  shape,  may  be  selected  for  arches.  The  main  body 
of  well  burnt  bricks  are  called  stocks,  and  those  which  are  imperfectly 
burnt  are  called  pltice  bricks. 

These  seyeral  yarieties  of  brick  haye  each  a  separate  price,  the  best 
being  worth  twice  as  much  as  the  worst.  If  the  fire  has  not  been  care- 
fully attended  to,  and  has  been  permitted  to  get  too  yiolent,  some  of  the 
lower  bricks  will  become  distorted  by  partial  fusion,  and  may  fuse  and 
adhere  together,  when  they  are  called  clinkers,  and  are  useless  for  build- 
ing purposes,  but  form  an  excellent  road  material. 

A  coal  clamp  of  100,000  bricks  rarely  bums  out  under  a  month. 
There  is  a  great  saying  of  fuel  in  burning  large  clamps,  but  where  time 
is  aa  object,  small  clamps  ought  to  be  made*    The  bricks  ought  not  to 


be  opened  out  before  they  are  thoronghly  cool,  and  tbey  are  apt  to  crack 
by  the  breeze  playing  upon  tbem  when  hot.  The  amoiut  of  coal  to  be 
nsed  depends  upon  the  quality  of  the  foel,  and  the  degree  of  harduesa  to 
which  it  is  wished  to  bam  the  bricks.  650  or  700  mattads  of  mo<leratelx 
good  coal  ought  to  be  aufficient  to  bum  100,000  bricks ;  a  great  deal, 
howerer,  depends  also  upon  the  clay ;  a  light  sandy  clay,  such  as  ia  fonnd 
by  river  sides,  takes  lees  fuel  than  a  hard,  strong  clay. 

In  London  close  (instead  of  open)  ctampa  are  employed,  no  spaces 
being  left  between  the  bricks.  Each  brick  contains  in  itself  the  fnel 
necessary  for  ita  Titrificatton ;  the  breeze  or  cinders  serring  onilj  to 
ignite  the  lower  tiers  of  bricks,  firom  which  the  heat  gisdnally  qireada 
over  the  whole  clamps. 

40,  Ihdum  Clahp  ok  "Pazawa, — The  paidwA  is  an  arrangement  for 
brick-buming  in  the  open  air,  somewhat  reaembling  the  English  clamp. 
The  bricks  and  fuel  are  laid  alternately,  the  former  in  cooises  of  fttni 
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or  fire  bricks,  the  latter  of  2  or  2\  feet  in  thickness,  the  proportion 
of  fuel  being  diminished  towards  the  top.  The  whole  is  generally  built 
with  one  side  abrnpt,  and  nearly  Tcrtical,  and  with  a  long  slope  on  the 
other.  The  fael  generally  consists  of  dry  grasSj  wooden  chips,  ihAtt 
(manure),  hiira  (litter,  miacellaneons  dry  sweepings)  and  tipJa  (dried 
cow  dung),  and  very  generally  a  layer  of  wood  nnder  all. 

The  form  of  the  pazHwd  is  generally  triangular ;  its  floor  smooth,  and 
eloping  at  an  angle  of  15°,  being  lowest  at  the  angle  where  it  is  lighted. 
The  upper  smface  slopes  at  an  angle  of  about  30°  in  the  direction  of 
its  length. 

The  following  ia  a  note  on  briot-bnming  in  Paxdais,  by  Lient.  J. 
Finn,  formerly  Execntive  Officer  of  Materials  at  Boorkee  ;^ 

TUe  qnantity  of  fuel  (iwn  and  ifla)  naed  in  Ue  Hindoalatii  eknpa  at  and  near 
Spocke^  ia  about  6  iaeliBS  Oikker  than  Ibe  iajti  t£  iatitkhd  bdoka  placed  orat  il ) 
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that  is  to  flaj,  if  the  fnel  ia  8  feet  in  thickneai,  the  layer  of  brickf  placed  on  the 
top  of  it  Bhoald  be  2|  feet,  or  5  bricks  high  ;  each  brick  being  6  inches  wide.  A 
clamp  now  being  filled  at  Boorkee  has  a  lajer  of  wood  abont  one  foot  deep  all  along 
the  bottom,  bnt  none  in  the  second  or  third  tiers,  excepting  a  small  quantity  at  the 
month  of  the  clamp  to  ensure  its  speedy  ignition.  When  the  clamp  is  ready  for  fir- 
ing, abont  one  foot  in  thickness  of  fuel  {kura  only)  is  spread  all  over  its  top,  and 
oyer  that,  one  foot  of  ashes. 

The  undermentioned  quantity  of  fael  will  bum  one  lakh  of  bricki  in  »  natlTe 
cUmpi  yifl.  :— 

825  2-bnllock  cart  loads  of  M^ti. 
750  Mannds  of  upla, 
100  Mannds  of  fire-wood. 

Once  a  clamp  is  filled,  covered  over  on  the  top  with  ashes,  and  fired,  it  is  not  liable 
to  injury  from  high  strong  wind  ;  nor  will  a  heavy  fall  of  rain  harm  a  clamp  when  in 
the  above-mentioned  state. 

The  size  of  bricks  used  in  masonry  works  of  the  Northern  Division,  Ganges  Canal, 
is  12  X  6  X  2^  inches ;  and  when  made  by  contract  in  Hindustani  clamps,  are  paid 
for  at  the  rate  of  Rs.  475  per  lakh ;  pakhd  or  well-burnt  bricks  only  are  taken  from 
the  contractors.  On  the  Western  Jumna  Canals,  paJt^d  bricks  12  X  6  X  8  inches 
are  delivered  by  contractors  at  the  clamps  for  Rs.  450  per  lakh,  and  pakkd  bricks 
12X6X2  inches  for  Rs.  850  per  lakh.  Carriage  from  the  clamps  to  work  brings 
the  price  of  the  former  up  to  Rs.  600  and  the  latter  to  Rs.  500  per  lakh. 

The  sooner  a  Hindustani  clamp  is  fired  the  better.  I  imagine  that  when  abont 
one-third  filled,  the  clamp  ought  to  be  lighted,  for  the  fire  will  bum  more  quickly,  and 
more  equably  before  the  fnel  becomes  compressed  and  partly  decayed  than  it  would 
otherwise. 

41.  Memo,  of  the  cost  of  one  lakh  of  bricks  burned  in  a  Pazdwd 
(Mynpooree  District),  by  Sergeant  W.  Johnstone,  Orerseer,  Northern 
Piyision,  Ganges  Canal. 

BS.  A.  P. 

Cost  of  1  lakh  kaehehhd  bricks  (contract),     •••           •••           •••  50  0  0 

825  hackery  loads  of  litter  at  6  as.  per  load,    ...           •••           ...  121  14  0    . 
760  mannds  v/>/a,  Mynpooree  weight  (=  950  Co.'s  mannds),  at  Rs. 

1  per  10  mannds,             ...           ...           •••           •••           •••  76  0  0 

120  mannds  fire-wood  (=150  Co.'s  mannds), ...           ...           «.•  12  0  0 

Labour— piling  and  bnming  bricks,  including  pay  of  ehaprdtl,  ...  80  0  0 

Biindries,             •«•          »•*          •••          •••          •••          •••  10  0  0 


Costof  bricks  at  the  clamp,...  ••!      849  14    0 

43.  Extract  from  a  Memorandum  by  M.  P.  Yolk,  on  Brick-making, 
in  the  Third  Division  of  the  Ganges  Canal  Works,  dated  15th  December, 

1851. 

Village  coolies  have  been  principally  employed  on  moulding  bricks,  and  these 
tnni  ont  from  500  to  700  bricks  per  man  per  day.  When  regular  moulders  have 
been  employed|.the  ont-tomper  man  has  been  from  1,200  to  1,500  per  day*   The  con* 
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tract  rates  for  mouldiiig  rary  from  55  to  70  mpeea  per  lakh,  aoooiding  to  tiie  diffl* 
ctdty  of  procoring  water. 

The  dimexisioiiB  of  bricks  made  and  used  in  the  Third  DiTision,  are  12  X  6  X  8  in« 
ches,  and  they  have  been  bnmed  invariably  in  the  country  kilns  or  native  patdwSi, 

The  f nel  nsed  in  a  patdnd  consists  of  all  kinds  of  combustible  refnse  of  towns  and 
villages,  and  upla  and  dung  made  into  cakes  well  dried  in  the  snn.  upla  and  huddy 
khuddy  (bones  and  pigs'  dung)  hava  been  weighed  before  being  put  into  the  clamp  ; 
of  the  former  from  1,500  to  1,800  maunds ;  of  the  latter  from  800  to  600  mannds  ; 
and  about  6,000  maunds  of  kura  (village  refuse)  are  required  for  one  lakh  of  bricks. 
Small  quantities  of  wood  have  sometimes  been  put  into  clamps,  but  it  proved  disad- 
rantageous,  and  Mr.  Volk  thinks  the  use  of  wood  and  kura  conjointly  is  ixgurious. 

The  time  occupied  in  loading  a  clamp  raries  from  two  to  three  months]for  each  lakh, 
and  the  success  of  a  clamp  depends  very  much  upon  this  item.  Mr.  Yolk's  experience 
has  convinced  him  that  the  sooner  a  clamp  is  fired  the  better ;  and  his  rule  has  been 
that  when  40  or  50,000  bricks  were  piled  into  the  clamp,  it  should  be  lighted  ;  the 
progress  of  the  fire  being  slow,  any  number  of  bricks  can  be  piled  afterwards. 

The  time  required  to  unload  a  clamp  when  properly  cooled  depends  upon  the  labour 
employed,  but  the  period  required  for  cooling  is  veiy  long,  and  sometimes  the  process  of 
loading  is  obstructed  by  heat,  eight  or  ten  months  after  fire  has  been  set  to  the  clamp. 

A  properly  managed  and  successful  clamp  ought  to  turn  out  from  80  to  85  per  cent 
of  well  bnmed  bricks. 

Expenses  incurred  in  brick-making  in  the  Third  Division,  during  the  years  1850 
and  1851,  were  as  follows  : — 

Total  expenditure  for  thirty-two  clamps  made  during  the  season  of  1850,  is  Bs. 
18,54l-10-6 ;  number  of  bricks  piled  is  8,696,080 ;  cost  of  one  lakh  is  therefore  Rs.  501. 

Total  expenditure  on  thirty-four  clamps  made  during  the  season  of  1851,  is 
Rs.  15,652  ;  the  number  of  bricks  piled  is  8,477,529 ;  cost  of  one  lakh  therefore  is 
Bs.  450  ;  or  a  saving  on  the  former  season  of  Rs.  51  per  lakh. 

The  maximum  cost  per  lakh  in  1850  is  Ra  638  ;  minimum  Rs.  826  ;  the  maximum 
cost  per  lakh  in  1851  is  Rs.  567  ;  the  minimum  Rs.  852.  The  largest  kiln  contained 
315,900  bricks  ;  the  smallest  36.000.  Supposing  the  total  cost  of  a  lakh  of  bricks  to 
be  1,  the  expenditure  on  the  several  items  required  in  brick-making,  has  the  follow- 
ing proportions  : — 


Faztlonlan  of  ezpenae. 


In  1800. 


In  IMl. 


Establishment,        ••         ••         ••         ••         t 

Charting  kura,         

Moulding  bricks, • 

Purchase  of  upla 

„         huddy  khuddy,  

Preparing  and  piling  clamp,        •  •         •  •         • 
Miscellaneous  expenses,  tools,  chhappars,  &c.,  •  i 


•  • 


Total,  .« 


0-116 
0'89d 
0-092 
0*146 
0-052 
0192 
0-009 


1-000 


0-097 
0-426 
0-127 
0-123 
0050 
0171 
0006 

1000 


No  compensation  has  been  given  for  kura,  but  its  conveyance  is  the  most  expen- 
sive item  in  brick-making,  being  equal  to  two-fifths  of  the  total  cost  for  a  lakh.  The 
total  expenses  incurred  on  acconnt  of  fuel  is  equal  to  three-fifths  of  the  total  cost  of  a 
damp. 
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Mr.  Volk  chAifM  at  h{0  worki  Bs.  900  per  lakh  iatpakkS  briekt,  Ss.  800  par  lakh 

for  pUa  ones.  These  rates  are  higher  than  the  real  cost  on  the  last  two  jean' 
operations,  bnt  they  are  maintained  to  cover  the  losses  suffered  by  failures  at  the 
oommenoement  of  operations.  The  actual  cost  of  a  lakh  of  pakkd  bricks  at  the  kiln 
is  about  Rs.  650.  The  rate  paid  to  contractors  for  pakkd  bricks  is  Bs.  SOO,  bnt 
contractors  can  onlj  be  found  near  large  towns,  where  J^ra  is  plentifuL 

Mr.  Volk  considers  the  native  clamps  {patdmff)  preferable  to  anj  description 
of  kiln  he  has  seen  used  in  India ;  the  siae  of  these  pagdwdi  should  depend  on  the 
quantity  of  bricks  to  be  loaded,  and  the  kind  of  fuel  to  be  used.  He  considers  also 
that  large  clamps  are  more  advantageous  than  small  ones. 

43.  In  im  these  "  clamp  "  sjstemsy  there  is  much  loss  by  breakage,  in 
cottsequance  of  the  npper  courses  of  bricks  sinking  on  the  consumption  of 
the  fuel  underneath  them.  The  distribution  of  heat  also  (at  least  in 
clamps  of  the  large  size  formerly  in  use  at  Roorkee),  is  unequal ;  some 
parts  of  the  clamp  producing  larger  masses  of  vitrified  material,  whilst 
in  others,  the  bricks  are  but  half-burned. 

Various  experiments  were  made  in  Bengal,  and  the  result  published  bj 
the  Military  Board  in  1827  and  1828,  on  the  burning  bricks  in  clamp$y 
both  with  wood  and  ^oal.   The  clamps  were  built  with  flues  as  described  in 
the  English  kilns,  but  smaller,  and  filled  with  well-dried  chips  or  brush- 
wood.   For  the  fael  above  the  flues,  or  chulas,  green  wood  was  preferred, 
as  retarding  the  fire ;  wood-loaded  kilns  generally  burning  too  rapidly,  and 
causing  great  loss  by  vitrifying  the  bricks  in  the  centre.    The  wood  was 
split  up  into  pieces  not  exceeding  4  or  5  inches  in  thickness,  and  so  ar- 
ranged, as  to  leave  level  surfaces  for  the  layers  of  bricks  to  be  laid  upon. 
The  flues  were  2  feet  high  and  9  inches  wide,  with  three  bricks  laid  flat  on 
them,  having  narrow  intervals  to  allow  of  the  fire  ascending  from  the  flues. 
The  clamps  were  finished  with  alternate  layers  of  brick  and  fuel,  the 
bricks  being  laid  touching  each  other  throughout,  the  interstices  formed 
by  their  contraction  under  the  great  heat,  being  sufficient  to  ensure  the 
firing  of  the  upper  layers  of  fuel.    The  sides  of  the  clamp  were  then 
built  up  with  mud,  broken  kachchhi  bricks,  &c.,  and  well  plastered  with 
mud  to  exclude  the  air. 

44.  Another  construction  by  Capt.  Bell,  as  described,  seems  well 
adapted  to  prevent  the  sinking  of  clamps  when  wood  is  used  as  fuel. 
The  wood  is  everywhere  contained  in  flues  crossing  each  other  at  right 
angles,  the  walls  of  which  are  supported  by  layers  of  brick-on-edgCi 
completely  covering  the  area  of  the  clamp. 

The  ground  layer  of  four  flat  bricks  being  laid  with  equidistant  fluQs^ 


Uioy  are  filled  up  viUi  ligM  irood  and  dij  ohipst  orer  wluh  two  bri<^8 
are  laid  flat ;  on  this  is  formed  a  second  set  of  flaes,  ninuiog  acrosB  tbe 
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gronnd  flcefl,  and,  after  filling  np  between  the  fines  with  wood,  the  whole 
area  is  bailt  over  with  three  bricks-on-edge,  the  length  of  the  bricks  nin- 
sing  in  the  same  direotion  with  the  fines  and  wood.    The  fnll  height  is 
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formed  by  an  alternation  of  flaes*-,  and  solid  masses  of  bricks  as  shown 
in  the  plan  annexed. 

To  close  the  clamp,  extend  the  flue  opening  as  at  a  (see  section)  one 
brick  in  length,  and  cover  it  with  two  flat  bricks.  Then  bnild  np  with 
one  brick  breadth- ways,  the  onter  coating  as  at  g  (with  half-dried  bricks, 
or  any  kind),  oyer  which  straw  (well  wetted)  is  laid  on  the  slope  from  the 
top  downwards,  giving  it  a  good  coat  of  mnd  plaster.  The  mnd  should 
not  be  thickly  laid  on,  but  well  rubbed  into  the  grass.  If  thick,  the 
heat  of  the  fire  and  snn  makes  it  peel  off,  and  admit  the  air,  before  the 
fire  has  gone  through  the  clamp. 

One  great  error  appears  to  consist  in  putting  large  masses  of  wood  into 
the  upper  tier  flues :  it  is  thus  that  so  much  material  becomes  vitrified. 
The  ground  flues  ought  to  be  filled  (but  not  choked)  with  good  dry  fuel 
intermixed  with  chips,  so  as  to  communicate  quickly  through  the  whole. 
The  wood  of  the  first  tier  should  be  reasonably  large,  with  some  small 
pieces  or  chips;  and  in  every  higher  tier  in  succession  they  should  be  less 
in  size  as  well  as  in  quantity;  because,  as  all  the  fire  and  heat  rise  from 
below,  the  higher  tier  has  the  advantage  of  all  the  foregoing  fine  fires  in 
addition  to  its  own.  Previous  to  its  ignition,  too  many  bricks  should 
not  be  piled  above  the  wood,  however  great  the  quantity  of  the  latter,  or 

they  will  be  irregularly  burnt,  and  much  fuel  wasted. 

Memo,  ov  two  small  clamps  at  Amftha,  BusinED  by  Captain  Bell, 
12-ixL  brick.  Mds.  of  ooaL  MdB.  wood  in  ehula, 

iBt  kiln  Caamp,  -   24,000  104  50 

2nd        „  -   40,000  159|  90 

The  bricks  taken  from  which  were  aU  red,  well  bnmt,  and  not  more  than  500 
nnseryiceable. 

45.     Circular  Brick  Clampe.^'This  kind  of  clamp  will  be  found  superior 

to  native  pazdwaa  in  percentage  of  first  class  out-turn,  and  a  very  great 

advantage  in  their  use  is,  that  the  exact  quantity  of  bricks  and  fuel  loaded 

into  the  clamp  can  be  determined  by  measurement,  which  cannot  be  done 

in  the  case  of  pasawas^  where  the  officer  in  charge  is  almost  entirely  at 

the  mercy  of  his  mates  and  mnnshis  with  regard  to  the  expenditure  of 

fuel.  '  These  Clamps  can  only  be  used  when  upla  is  obtainable  in  large 

quantities ;  where  hXra  is  chiefly  procurable,  common  pazdwaa  should 

be  used.    A  clamp  containing  a  lakh  and  three-quarters  of  9-inch  bricks, 

should  be  about  64  feet  in  diameter  in  the  lowest  course  of  bricks,  and 

*  Two  Towi  of  briokS'lald  flat,  seem  to  be  reqntrite  above  cocA  let  of  flnes,  to  prerent  brloki-oii« 
edge  from  f ftlling  into  them*  whilst  the  fuel  ii  being  coiuained. 
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ought  to  take  14  days  to  load,  14  days  to  barn  out,  and  a  month  to  cool 
down.  The  thicknesses  of  fuel  given  on  the  drawing  are  those  which 
should  be  used  in  the  hot  weather,  but  at  the  commencement  of  opera- 
tions in  the  cold  season,  the  thickness  of  upla  in  the  courses  should  be 
increased  by  about  20  per  cent.  The  average  out-turn  through  tlie  sea- 
son, if  care  is  taken  to  regulate  thickness  of  fuel  properly,  should  be 
about  70  per  cent,  first  class,  and  10  per  cent,  second  class,  bricks,  per 
100  kfMchchhd  bricks  loaded.  The  following  Memorandum  is  adapted  and 
modified  from  one  in  use  in  the  Jullundur  Division  : — 

Mtmarandum  for  guidance  of  Subordinate  in  charge  of  kiln^ard  in  loading 
Circular  Clamp,^~h  PrepAre  the  ground  by  deflcribing  a  eircle  aboot  C4  feet  in  dU* 
meter,  and  form  the  ground  into  a  neat  and  regular  inverted  cone,  depth  of  which 
may  be  about  18  to  24  inches.  Spread  a  bed  of  ashes  over  this,  if  available ;  if  not 
available,  use  3  inches  of  kura, 

2.  Loading  is  not  to  commence  until  the  bricks  and  fuel  required  for  the  clamp 
have  been  all  collected  at  site. 

3.  Commence  the  clamp  by  a  course  of  brick-on-edge  (pila  12-inch  bricks  if  avail- 
able)  arranged  as  shown  in  plan  of  flue  course.  This  course  forms  a  succession 
of  flues  into  the  heart  of  the  clamp,  and  allows  the  fire  to  spread  regulariy  from  cen- 
in  to  circumference  in  the  lowest  course  of  fuel. 

4.  Lay  on  the  flue  courses,  a  course  of  upla  of  equal  thickness  packed  regularly  : 
when  completed,  beat  this  down  slightly  with  wooden  beaters,  and  spread  over  all 
about  2  inches  of  kura.  No  other  fuel  than  upla  and  kura  is  to  be  used  in  any 
part  of  the  clamp.    Kura  is  infused  to  prevent  the  upla  burning  too  rapidlj. 

6.  On  this,  lay  a  course  of  brick-on-edge,  then  a  second  coarse  of  upla  and  kura^ 
as  shown  in  the  drawing,  and  so  on,  beating  down  each  coarse  of  upla  before  the 
kura  is  laid  on  it,  the  beating  to  be  harder  and  continued  longer  in  the  higher  than 
in  the  lower  courses.  The  surface  of  each  coat  of  kura  is  to  be  formed  into  a  neat 
inverted  cone  before  laying  the  bricks  over  it,  and  each  coarse  of  fuel  and  hridfA  must 
be  measured  bj  the  subordinate  in  charge  before  the  next  coune  is  laid,  and  the  ac- 
tual measurements  recorded  in  the  register. 

The  bricks  are  to  be  laid  as  close  together  on  edge  as  possible,  and  it  is  not  neoes- 
saiy  to  leave  any  openings  between  them,  as  the  fire  spreads  with  sufficient  rapidity 
when  the  bricks  are  laid  close.  The  outer  rings  of  the  courses  of  bricks  should  be  of 
pild  bricks,  if  any  are  available,  as  they  will  probably  bum  pakka,  and  become  use- 
ful. Care  must  be  taken  to  leave  a  vertical  flue  of  about  12  inches  diameter  in  cen- 
tre of  the  clamp,  through  which  the  kiln  is  to  be  fired  ;  it  is  to  be  kept  covered  by  an 
inverted  ghard  as  the  work  goes  on,  and  is  to  be  cleared  by  pushing  down  i  long 
bamboo  before  li{^hting  the  clamp,  which  is  effected  by  dropping  live  charcoal  down 
the  flues,  and  when  the  fire  has  taken  this  fine  is  to  be  closed. 

6.  The  outer  surface  is  to  be  smoothed  off  with  upla,  the  steps  left  being  filled 
up,  commencing  from  the  top,  and  a  course  of  cakes  of  upla  packed  on  edge  laid 
over  this.  The  whole  is  to  be  finished  off  with  a  coat  of  3  indbes  of  kura  ooverecl 
with  ashes,  and  a  straw  covering  and  leeping  are  unnecessary.  When  the  outer  coat 
is  completed,  a  kaehekka  wall  of  refuse  bricks  in  mud  is  to  be  built  up  all  round  lh« 
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clampi  to  a  height  of  4  feet  or  bo,  fines  commnnicatiDg  with  the  flae  conne  being  left 
all  roand,  which  tre  to  be  closed  when  it  is  found  that  the  clamp  is  burning  properly, 
and  are  to  be  opened  when  required  to  regulate  the  spread  of  the  fire. 

7.  As  the  burning  goes  on,  any  openings  which  may  form  are  to  be  closed  at  once 
with  Upla^  kura  and  ashes,  and  a  party  of  coolies  must  be  kept  at  this  work  night 
and  day  for  the  first  few  days  after  lighting  the  kiln.  If  the  diameters  of  the  courses 
of  bricks  are  made  to  diminish  4  feet  in  each  course  up  to  the  8th,  and  6  feet  in  the 
courses  above  the  8th,  little  trouble  will  be  experienced  in  the  above  respect,  and  the 
courses  should  also  be  stepped  off  as  shown  in  the  drawing  ;  but  if  these  points  be  not 
attended  to,  great  trouble  and  loss  will  be  caused  by  bricks  falling  down  the  sides  as 
the  clamp  settfes.    If  fire  breaks  out,  it  should  be  at  once  smothered  with  ashes. 

8.  Unloading  may  be  commenced  so  soon  as  the  clamp  cools  down,  but  care  must 
be  taken  not  to  open  it  prematurely,  as  if  opened  before  the  bricks  have  become  an- 
nealed, great  breakage  will  certainly  take  place  in  the  process  of  unloading,  and  the 
bricks  will  be  rendered  brittle. 

9.  Clamps  are  to  be  unloaded  from  the  top  downwards  in  successive  courses  aa 
loaded,  and  the  state  of  each  course  is  to  be  recorded  in  the  register  by  the  subordinate 
in  charge,  for  guidance  in  regulating  the  thickness  of  fuel  in  future  claropa.  The 
ashes  are  to  be  regularly  removed  from  each  course  in  baskets,  and  used  in  forming  a 
bed  for  a  new  kiln  or  in  filling  excavations. 

Meaaurtmenta  of  eounea  o/fuil,  ^c. 

To  find  euHe  feet  oj  upla  in  any  co«r<«.— Measure  diameter  D  in  feet  with  a 

tight  tape,  and  measure  H  and  h 
in  inches.   Then,  cubic  feet  upla  = 


area  aqtuupe  feat 
IS 


X(H  +  t*). 


To  find  cubic  fut  of  kura  in  any  coMrit.— Measure  diameter  AB  z=  D  with 

a  tight  tape ;  sides  of  cone  ACB 
=  D]  with  a  loose  tape ;  measure 
the  thickness  in  Inches  :=  A,  use  a 
new  diameter  =  ^  D  X  D|,  and 


area  of  circle  to  this  diameter. 
Then,  content  of  course  in  cubic  feet  = 


of  circle 


V2 


X  *. 


To  find  9-iNcA  inricks  in  any  Goarje.— Take  measurements  as  for  courses  of  kira^ 

being  careful  to  take  the  mean  measurement  where  steps  are  given  on  the  exterior 

circumference  of  course  of  bricks. 

Then- 
Content  of  course!  f    area  of    1 
in  9.inch  brick  /    ^    |     circle     J  X  1  l6o  X  A 

the  constant  1*165  will  vary  according  to  the  closeness  or  otherwise  of  packing  of  the 
course,  and  also  according  to  the  size  mould  used,  and  should  be  determined  by  count- 
ing the  bricks  actually  laid  in  a  sector  of  some  selected  course. 

The  mode  of  obtaining  contents  of  top  and  of  exterior  covering  is  sufficiently  obvious. 

It  is  recommended  that  a  Slide  Rule  should  be  used  for  working  out  the  content  of 
the  courses ;  it  will  be  found  much  more  rapid  in  use  than  a  table  of  areas  of  circles^ 
and  will  give  contents  with  sufficient  accuracy  for  all  practical  purposes. 


■  •  «  •  , 


1[  the  BDboTi]iDat«  in  chvge  ig  nnacqnuDted  with  the  um-o[  the  ilide  rule,  he 
ahonld  be  provided  with  a  wt  of  tables,  u  the  libonr  of  csktilatiDg  ont  the  content  of 
the  coDnea  with  pen  and  iuk,  would  be  tctj  gnat,  and  in  fact  would  be  impncUctble 
if  the  operations  were  carried  out  on  a  large  scale. 

46.  Captain  Sage,  Executive  Officer,  Gntt&al  Divieion,  Public  Works, 
gives  the  following  comparative  estimafe  of  the  cost  of  burning  bricks 
wi|h  coal  and  wood ;  bj  wtiicb  it  appears  that  with  wood  gt  Rs.  16  per 
100  mannds,  and  coal  at  Rs.  S7-8  per  100  maunds,'*  the  latter  ts  much 
the  cheaper. 

JVo.  1. 
Strut  with  Coat  at  Bktrtut. 
BduJI  wood  an]  oblia.  MO  nula- 
Col  In  inaa,          ._  TW   „ 
Brickt,  MflM 


OROCIID  pun  Biml-iB  «»  T«*'  °'  * 


B.   A.   r. 

100.000  bricka,  12  inches,  ^    S    S 

Kildng      ,.        .,  Inn 

l,OO0b^lndlespras^       ..  .-         ••    .     "         "      Z    a    n 

20(»olicadeaninBthegronnd,at2as.e«ch,  ..  ..       8     8     0 

650  maunda  of  Mind,  at  Ra.  3  per  100  mannds,  ..     >'    °    " 

BanilKios,  rope,  &c .12    2 

SOOmanndsof  wood,atRa.ieperlOO.           ..         ■•""9 
375  mannds  of  coal  at  6  as.  per  mannd 10*10    0 


Total  Ra. 202  10    ' 


ling  loabj  brukage,  tic,  N.OOD 
•  About  III.  pec  Ion. 


Ls,  at  33S  Bi 
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Burnt  with  Wood  at  Julapoor, 

7fi»000  bricks. 
l»in  mdi.  of  wood. 


PLAM  of  CBUL4H8. 


■ 
■■         "'  '■        ■■        ■■         "■         ■  ■'  '■  ■ 

^ 
J  '  I 

-  r       -*-  -  4 
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A. 

F. 

0 

0 

0 

0 

0 

0 

8 

0 

8 

0 

0 

0 

0 

0 

100,000  bricks,  12  inches,       53 

Kilning        „           „             26 

1,000  bundles  of  straw,          2 

20  coolies  cleaning  tbe  gronnd,  at  2  as.  each,       ...         .  •  2 

650  maiinds  of  sand,  at  Bs.  3  per  100  mannds,       . .         . .  19 

Bamboos  and  ropes, «        . .  I 

1,600  mannds  of  wood,  at  Rs.  16  per  100  mannds,  . .        . .  256 

Total  Ks.,        ..         ..  860    0    0 
Actnal  prodnoe  exdading  Ioh  by  brasksge,  &o.,  75,000  brioks,  at  480  Ri,  per  100,000. 

Besides  the  advantage  of  cheapness,  coal  is  shown  to  be  in  many 
other  respects  superior  as  fuel  to  wood ;  the  space  occupied  by  it  between 
the  layers  of  brick  is  so  much  smaller,  that  the  clamp  sinks  much  less, 
and  its  outer  casing  is  less  deranged.  The  wind  which  interferes  with 
the  gradual  and  equable  process  of  the  fire  is  thus  better  kept  out.  The 
loss  by  breakage  is  likewise  much  less,  and  the  bricks  from  being  burnt 
more  slowly  are  more  compact.  The  coal  should  be  broken  into  pieces 
not  exceeding  one  inch  in  diameter.  In  kilns,  likewise,  coal  must  have 
like  advantages  over  wood,  except  as  regards  the  greater  displacement 
of  the  casing  of  the  clamp ;  the  permanent  walls  of  kilns  not  being  liable 
to  this  contingency. 

47.  Hoffmakk's  Patent  .Kilns.— The  grand  object  of  this  invention 
—economy  of  fuel — ^is  materially  assisted  by  particular  attention  being 
paid  to  a  few  leading  points ;  and  first,  by  selecting  a  dry,  well-drained 
site,  as  any  damp  rising  from  the  earth  is  to  be  carefully  avoided,  for, 
should  this  be  present,  it  not  only  takes  fuel  to  generate  this  moisture 
into  vapour  for  discharging  it  by  the  flues,  but  it  has  the  further  serious 
e£fect  of  retarding  the  burning  of  the  kiln  and  damaging  the  burnt 
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bricks,  which  would  show  cracks  caused  by  the  vapour  rising  from  the 
ground. 

Drainage. — After  the  soil  has  been  taken  out,  it  is  of  the  utmost  im- 
portance to  well-drain  the  whole  site  to  a  deeper  leyel  than  the  lowest  flue. 
From  the  smoke-chamber  round  the  chimney  a  drain  is  to  be  laid  at  a 
lower  level  than  any  of  the  foundations,  and  all  drains  from  flues,  &c., 
should  have  an  inclination  towards  the  central  chamber,  and  delivering 
into  this  drain.  The  chimney  foundation,  likewise,  is  to  be  supplied 
with  a  drain  to  carry  off  the  condensed  steam  running  down  the  inside 
wall  of  the  stack. 

Foundation  of  burning  chamber, — The  foundation  of  the  two  walls  form- 
ing the  annular  burning  chamber  is  to  be  carried  down  2  feet  6  inches 
below  the  floor-level,  as  shown  in  plan,  for,  if  the  material  beneath  the 
floor  is  composed  of  clay,  or  any  substance  that  will  contract  on  exposure 
to  heat  from  firing  the  goods  over  it,  it  is  obvious  the  foundation  would 
give  Way,  open,  and  admit  air,  which  is  a  serious  drawbAck  to  the  work- 
ing of  the  kiln.  The  floor  of  the  burning  chamber  is  to  be  formed  of 
hollow  chambers  as  shown  in  sections  (g  h)  and  (t  k)  of  the  PkUe,  being 
closely  covered  over  with  bricks,  on  the  top  of  which  a  stratum  of  clay 
is  packed  about  9  inches  thick,  and  on  this  rests  the  paving  of  common 
bricks.  The  lining  inside  the  kiln,  including  the  drop  arches  at  the 
end  of  each  chamber,  is  to  be  made  of  fire-bricks,  or  bricks  which  will 

« 

not  contract  under  repeated  burnings,  being  able  to  resist  a  greater  heat 
than  the  clay  to  be  burned. 

Battered  walls, — The  outer  battered  walls  of  the  kiln  taking  up  the 
pressure  from  the  arch,  are  to  be  built  as  shown  of  common  bricks,  laid 
in  mortar,  not  bonded  with  the  wall  of  burning  chamber,  allowing* the 
latter  free  motion  as  required  through  the  heat  passing  through  the  kiln. 
In  the  packed  space  between  the  outer-walls,  and  walls  of  burning  cham- 
ber, cross-walls  or  tie  of  4^  inches  work  (it  is  shown  in  the  plan  one 
brick,  but  half  brick  is  quite  enough)  are  constructed,  and  bonded  inih 
the  battered  walls,  but  free  of  all  connection  with  the  inner  wall ;  the 
object  being  to  resist  better  the  thrust  during  expansion,  instead  of  solely 
depending  on  the  packing  material. 

Chimney, — The  chimney,  which  is  of  a  very  light  construction,  consists 
in  its  horizontal  section,  of  two  rings  of  9  and  4^  inches  brick-work,  re- 
speptively.    The  9-inch  wall  is  carried  up  to  about  80  feet  in  height,  and 
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then  both  rings  are  only  built  with  half  a  brick  each.     These  rings  are 

bonded  and  strengthened  by  radial  ties  reaching  from  the  base  right  to 

the  top  of  the  chimney.     There  arc  altogether  12  such  ties.     The  short 

inner  tube  is  constructed  inside  the  chimney  to  protect  the  brick-work  of 

the  latter,  in  case  an  intense  heat  should,  through  some  cause  or  other, 

pass  into  the  chimney,  as  may  happen  at  the  end  of  the  season  in  burning  « 

the  last  chamber,  by  allowing  the  gases  of  intense  heat  or  the  flame  to 

pass  direct  into  the  chimney.     This  chimney  construction  is  both  cheap 

and  strong,  and  forming  an  air  chamber  round  the  inner  wall,  the  latter 

is  well  protected  against  cooling,  which  is  very  important,  as  the  waste 

steam  and  smoke  possess  a  very  low  temperature.     At  the  base,  the 

chimney  is  provided  with  foipr  apertures  forming  the  communication  with 

the  smoke  chamber. 

Bricklaying. — The  whole  structure  of  the  kiln  can  be  executed  with 
bricks  laid  in  mortar  in  the  usual  manner,  with  this  one  exception,  that 
the  two  side  walls,  arch  and  floor,  forming  the  annular  chamber,  are  to  be 
built  with  bricks  laid  in  clay  mixed  with  sand  to  the  texture  of  a  good 
loam.     For  making  firm  work,  this  clay  should  be  made  up  into  a  slop  ^ 

of  the  consistence  of  thick  cream  and  not  used  as  mortar  is  generally  em- 
ployed, making  a  thick  joint  between  each  brick,  and  the  next  following 
one.  The  slop  or  clay  being  placed  conyeniently  for  the  workman  in  a 
water-tight  box,  he  takes  a  brick,  and  dipping  those  surfaces  he  wishes 
to  unite  in  the  slop  and  well  coating  them  with  it,  he  lays  the  brick  in  its 
place,  at  the  same  time  forcing  it  into  as  close  a  contact  as  possible  witn 
those  next  to  it.  He  then  proceeds  with  another,  and  so  on.  It  is  there- 
fore, obvious  that  those  bricks  will  rest  closely  one  upon  the  other  with 
only  a  thin  bed  of  clay  cementing  them  together,  and  when  the  kiln  has 
been  burnt  round  once,  it  will  be  found  the  strongest  mode  of  structure 
for  withstanding  the  expansion  and  contraction  to  which  such  walls  are 
exposed.    The  outside  walls  are  built  in  mortar,  as  well  as  the  flues,  chtm-  ^ 

ney,  and  smoke  chamber,  although  in  many  cases  even  the  smoke  chamber 
is  constructed  with  bricks  laid  in  clay. 

Arches. — In  turning  the  arches  of  the  chamber,  a  centre  must  be  made 
to  fit  one  chamber,  and  this  can  be  lowered  and  removed  to  the  next  cham-  < 

ber  in  one  piece.  At  each  end  of  the  chamber,  a  dropping  arch  is  built 
of  one  brick  projection  to  obstruct  the  draught  along  the  top  of  the  kiln, 
while  they  likewise  serve  as  a  support  against  which  are  placed  the  iiHer- 
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cepting  wrought-iron  dampers  for  dividing  and  separating  Uie  cbamber, 
as  will  be  explained  below. 

EadicUnm, — The  main  aroh  of  the  annular  firing-chamber  is  coyered 
with  a  stratum  of  clay  from  4  to  6  inches  thick ;  and  abore  this,  as  well 
as  between  battered  wall  and  wall  of  burning-chamber,  as  well  as  the 
whole  space  between  burning-chamber  and  smoke-chamber,  is  to  be  filled 
with  soil  or  sand,  to  prevent  any  heat  from  escaping,  and  to  prevent  the 
possibility  of  any  damp  or  moisture  finding  its  way  within  reach  of  the 
heat  of  the  burning-chamber.  For  this  reason,  it  is  most  desirable  to 
construct  a  roof  over  the  kiln,  under  which  large  quantities  of  goods  can 
be  dried,  while  at  the  same  time,  it  affords  a  shelter  to  the  men  attending 
to  the  firing  of  the  kiln,  who,  exposed  to  the  changes  of  the  weather, 
more  particularly  during  the  night,  cannot  be  expected  to  attend  to  their 
duties  with  punctuality.  If,  however,  no  roof  is  provided,  the  whole  top 
surface  should  be  closely  paved  on  a  thick  bed  of  mortar  or  cement,  and 
when  finished,  well  grouted  with  cement,  to  prevent  the  possibility  of 
water  passing  through  it,  at  the  same  time  giving  the  surface  a  good 
fall  to  carry  off  all  water  falling  upon  it 

Iron-work. — The  iron-work  for  each  kiln  of  14  chambers  consists  of 
14  valves  for  regulating  the  draught,  and  they  are  built  in,  as  shown  in 
Piate  YII.  on  the  outlet  of  each  flue  in  the  smoke  chamber.  The 
adjusting  lids,  when  seated,  should  rest  on  a  bed  of  sand  to  secure  an  air- 
tight joint.  From  the  centre  of  these  lids  a  long  adjusting  rod  passes.up 
through  the  arch  of  the  smoke-chamber,  and  by  means  of  a  cast-iron 
plate  and  set-screw,  it  can  be  regulated  to  any  height  required.  On 
the  underside  of  these  lids,  are  fixed  three  or  four  iron-bars,  forming  a 
guide  to  the  valve,  which,  on  being  lowered,  adjusts  it  properly  in  its 
place.  Each  firing-hole  has  an  iron-pipe  built  in  with  a  cast-iron  cap  fit- 
ting in  a  bed  of  sand  air-tight.  Of  these  280,  or  20  for  each  chamber,  are 
required.  Besides  these  castings,  each  kiln  requires  two  large  intercept- 
ing sheet-iron  dampers  as  shown  in  Plate  IX.  'The  damper  is  brought 
in  through  a  door-way  and  placed  in  its  several  partitions  one  above  the 
other,  against  the  projecting  arch,  while  in  removing  the  same,  the  top 
parts  are  lifted,  and  the  lower  parts  drawn  through  the  door-way,  and 
after  that,  the  top  parts  are  lowered,  and  removed  in  the  same  manner.  It 
is  better  for  convenience  sake  to  have  two  dampers  for  each  kiln,  that  the 
work  of  the  same  may  not  be  interrupted  while  the  damper  is  removed. 
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While  one  ilomper  is  placed  several  compartments  in  front  ef  the  fire,  a 
second  damper  is  placed  \xi  front  of  tht  ckamberlo  be  fiUed  ;  thus  thefirat 
damper  may  be  removed  without  inteiTDpting  the  draught,  as  the  eecond 
damper  is  ready  to  cot  off  the  draught  in  similar  manner,  allowing  the 
waste  gases  to  pnrsne  their  coarse  also  through  this  compartment  re- 
cently filled  frith  green  hricks.  The  best  method  of  placing  the  damper 
in  its  place  ia  more  minutely  explained  in  the  description  of  working 
and  lighting  the  kilns. 

Setting. — As  soon  as  the  oonstmction  of  the  kiln  is  completed,  a  num- 
ber of  fires  aie  lighted  in  front  of  all  fines  leading  to  the  chimney,  as  well 
as  in  varions  parts  of  the  bnraing  chamber,  for  several  days,  to  drive  off 
partially  the  moistnre  contained  in  the  brick-work  and  floor.    After  this 
has  been  done,  the  next  operation  is  setting  or  placing  the  bricks  in  tha 
kiln  ready  for  burning.     The  setting  is  done  in  the  nanal  way  as  adopted 
in  tlie  ordinary  kilns,  with  the  exception  that  special  care  is  required  to 
form,  immediately  nnder  each  of  the  feeding  holes,  in  the  arch  of  burning 
chamber,  [Piatt  VIII.,  Fig.  4,)  vertical  pita  from  crown  of  arch  right 
d4wn  to  the  floor,  to  allow  of  a  passage  for  the  fuel  inserted  from  above 
to  fall  right  down  on  the  floor.    Each  of  these  fire-holes  should  be  fonned 
about  12  inches  wide,  down  to  within  six  courses  from  the  floor,  where 
they  should  be  increased  to  18  inches  square,  for  the  reception  and  com- 
bustion of  the  fuel.     As  in  this  kiln  there  are  four  circular  rows  of  fire- 
holes,  consequently  four  circular  flues  (as  shown  in  Fig».  1, 2,  So,  3fr,)  are 
to  be  formed  along  the  floor,  connecting  one  fire-hole  with  the  one  in  ad- 
vance, as  will  be  readily  understood  on  reference  to  the  annexed  drawings. 
These  flues  form  the  passage  for  the  flame  to  travel  along  the  kiln;  they 
are  made  four  courses 
high  and  ore  covered 
by  the  fifth  course  of 
bricks.     In  case  Iho 
bricks  are  placed  very 

OuUidt  InM  d»"P   ™  ""»  ^l".  it 
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height  of  these  flues  a  few  courses,  to  allow  the  steam  sufficient  room  to 

escape.     If  the  kiln  ia  in  full  operation,  it  is  well  tomake  the  inside  fine 

narrowest,  say  6  inches,  and  increase  the  width  and  height  of  the  other 

central  fines,  as  shoim  in  sketch  in  margin ;  so  that  the  outside  channel. 
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being  the  widesti  say  12  inches,  and  highest,  say  24  inches  to  80  inches, 
will  draw  the  fire  more  to  the  outside  of  the  kiln ;  as  naturally,  the  draught 
has  a  tendency  to  pass  along  the  shortest  way  at  the  inner  side  of  firing- 
chamber,  and  thus  some  difficulty  may  arise  to  keep  the  fire  proceed- 
ing with  the  same  rapidity  along  the  outside  flue.  Figs.  1,  2,  8a,  85 
illustrate  how  the  courses  of  the  bricks  are  placed  alternately  one  upon  * 
the  other. 

For  the  lowest  course  along  the  floor,  it  is  advisable  to  take  for  the  first 
time  of  burning,  lumt  bricks  instead  of  green  bricks,  as  the  steam  from 
the  floor  may  soften  the  bricks  placed  immediately  above  it,  which  be-  . 
ing  unable  to  carry  the  weight  of  the  whole  bulk  of  bricks,  would  give 
way,  and  at  once  stop  up  the  draught  along  the  floor,  and  cause  delay  and 
annoyance.  This  first  course,  as  illustrated  in  Fig.  1,  is  placed  rather 
open,  (leaving  one  inch  space  between  each  brick,)  at  an  angle  firom  the  in- 
side to  the  outside  wall.  The  second  course  is  shown  in  Fig.  2,  and  the 
bricks  are  placed  in  the  direction  of  the  circular  flues,  on  which  again  a 
skintle  is  placed,*  Fig.  3a,  upon  which  again  the  bricks  are  aet  as  in  Fig. 
1 ;  then  Fig.  Zh  shows  the  fifth  course  covering  up  the  central  flues.  The 
next  courses  are  again  set  alternately  as  explained  in  Figs.  1  and  2.  The 
direction  of  every  alternate  course  should  be  changed ;  while  in  one  course 
the  length  of  the  brick  is  set  in  parallel  lines  with  the  walls  of  the  kilui . 
and  taking  the  same  onward  line  of  draught,  (Fig.  2,)  the  next  course 
above  it  should  be  at  an  angle  from  the  inside  to  the  outside  wall,  {Fig.  1.) 
Thus  the  compartment  is  filled  right  up  to  the  crown  of  arch. 

In  setting  the  workman  commences  at  one  end  of  the  chamber,  where 
the  large  intercepting  damper  is  placed,  and  continues  so  until  he  has  five 
chambers  filled  without  interruption.  In  the  meantime,  the  doorways  are 
built  up  with  burnt  bricks,  and  made  quite  air-tight  by  filling  in  sand  be- 
tween two  brick  walls*as  illustrated  in  Fig.  6.  The  men  having  filled 
chambers  1, 2, 8, 4, 5,  Fig.  10,  the  large  intercepting  damper  is  inserted 
through  the  door-way  of  compartment  6,  and  placed  in  front  and  across 
the  chamber  5.  This  damper  a?  shown  in  Fig.  5,  consists  of  three  parts 
built  up,  and  sliding  in  each  other.  The  special  plan  in  PlaU  IX.,  ex- 
plains this  damper  more  clearly,  and  farther  reference  will  be  made  to  it  on 
page  77.  It  is  of  great  importance  to  place  this  damper  in  such  a  posi- 
tion that  it  forms  an  absolute  air-tight  division,  as  no  air  should  be  al» 
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lowed  to  enter  at  any  place,  nor  the  heat  escape.    The  same  care  is  to  be 
taken  with  the  door-ways,  which  should  be  daily  inspected  seyeral  times. 

In  the  meantime,  while  this  is  done,  the  chambers  7, 8, 9, 10  and  11  are 
filled  with  green  bricks,  as  has  been  done  with  1  to  5  inclasive,  and  a  second 
intercepting  damper  introduced  through  the  door-way  12,  is  placed  across, 
and  in  front  of  chamber  11,  Fig.  10,  made  air-tight  as  well  as  all  the 
doorways  leading  to  compartments  7, 8, 9, 10, 11.  It  may  be  here  pro« 
per  to  observe  that  it  is  desirable  to  fill  the  kiln  for  the  first  time  of 
burning  at  least  with  bricks  as  dry  as  obtainable,  as  the  new  construction 
contains  so  much  moisture,  which  is  to  be  got  rid  of  gradually,  and 
excess  of  steam  from  bricks  and  building  may  injure  the  bricks  to  be 
burnt  materially. 

Lighting, — In  chamber  No.  12,  in  front  of  chamber  No.  1,  {Fig.  10) 
as  well  as  in  chamber  No.  6  in  front  of  chamber  No.  7,  temporary  walls 
are  to  be  built  across  the  section  of  burning  chamber,  as  explained  in  detail 
in  Vig.  8,  proyided  with  four  common  kiln  fires,  FigB,  8  and  9,  corres- 
ponding with  the  four  central  flues  formed  in  the  setting  of  the  bricks 
along  the  floor.  The  yalyes  in  the  smoke  chamber  Nos.  5, 4, 8  and  11, 
10,  9  are  to  be  opened  entirely  while  all  others  remain  closed,  bedded  air« 
tight  in  sand.  Fires  may  now  be  lighted  in  the  two  walls,  respectirely,  or 
in  the  eight  permanent  fire-places  between  chambers  12  and  1  and  6  and 
7.  These  fires  are  kept  very  low  for  48  hours  at  least,  after  which  time 
they  may  be  gradually  raised  for  another  48  hours,  until  after  about  fiye 
days  the  fires  must  be  kept  up  to  their  full  inteMity.  Of  course  all  the 
caps  coyering  the  feed  pipes  in  the  arch  are  to  be  kept  quite  closed,  and 
bedded  air-tight  in  sand.  The  first  sign  of  the  fire  taking  effect,  is  a  yo- 
lame  of  steam  escaping  the  chimney.  If  too  much  steam  is  created,  which 
can  easily  be  ascertained  by  lifting  a  few  caps,  out  of  which  the  steam 
will  eyolye  in  large  dense  masses,  such  caps  may  be  kept  open  for  awhile, 
as  this  is  a  sign  that  the  chimney  is  not  able  to  draw  off  the  yolume  of 
steam  as  rapidly  as  it  is  created  through  the  effect  of  the  fire. 

litoo  much  steam  is  confined,  the  bricks  become  soft,  and  in  many  cases, 
the  lower  courses  not  being  able  to  carry  the  weight  of  the  bricks  aboye 
them,  they  giye  way,  and  thus  interrupt  the  draught  along  the  fioor,  while 
many  bricks  will  be  spoiled  and  unfit  for  use.  In  this  way  the  fire  is  kept 
up  from  the  temporary  walls,  until  the  bricks  in  the  compartments  near 
the  interoepting  dampers  of  chambers  5  and  11  are  pretty  well  dry,  which 
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may  be  asoeriamed  from  the  quantity  of  steam  escaping  by  the  chimneyi 
which  should  be  rery  little  for  about  fiye  or  six  days,  making  in  all  about 
10  or  11  days.  Now  the  fires  in  the  temporary  wall  between  chambers  7 
and  6  are  extinguished  :  chamber  6,  which  has  been  empty,  is  filled  with 
green  bricks,  as  dry  as  they  are  obtainable,  with  the  least  possible  delay,  as 
soon  as  men  are  able  to  set/  after  having  removed  the  temporary  wall. 

The  chamber  6  thus  being  filled,  the  damper  separating  compartment  5 
from  6  is  removed,  the  door-way  of  chamber  6  built  up  and  made  air-tight, 
the  valves  8,  4  and  5  are  closed  carefully  not  to  allow  any  air  to  escape, 
nor  to  enter  the  kiln,  while  the  valves  9, 10, 11  remain  wide  open,  and  the 
fire  at  the  temporary  wall  12  is  increased  to  the  greatest  possible  intensity. 
As  soon  as  the  chamber  liahot  enough^  the  burning  is  assisted  by  throw- 
ing in  fuel  through  the  feed-holes  near  the  temporary  wall ;  if  the  fuel 
reaching  the  floor  ignites,  continue  to  do  so  through  the  first  and  second 
row  of  feed-Jkoles ;  and  through  the  fires  from  the  temporary  wall,  as  well 
as  from  above.  As  the  heat  proceeds,  the  firing  likewise  proceeds  at  the 
same  rate  from  above,  and  as  soon  as  the  fire  reaches  chamber  8,  the  fire 
in  the  temporary  wall  is  decreased,  and  a  little  air  is  allowed  to  enter  at 
the  permanent  wall,  by  taking  a  few  bricks  out  of  it  from  under  the  arch. 

As  soon  as  the  fire  has  advanced  as  far  as  chamber  4,  the  valve  of  cham- 
ber 9  may  be  closed,  the  fires  in  the  temporary  walls  put  out,  the  fire-' 
places  filled  up,  a  larger  opening  formed  in  the  upper  part  of  the  temporary 
wall  for  access  of  air ;  and  when  the  fire  has  reached  chamber  7,  the  tem- 
porary wall  at  1  may  be  quite  removed,  allowing  the  air  entering  through 
the  door- way  of  12  free  access  to  cool  the  burnt-bricks  in  1.  As  soon  as 
the  fire  has  advanced  as  far  as  8,  chamber  1  is  emptied  of  burnt-bricks, 
chamber  12  filled  with  green  bricks,  and  the  intercepting  damper  removed 
from  12  to  1.  The  valve  10  is  closed,  and  12  opened,  after  having  the 
door-way  of  12  built  up  air-tight  as  illustrated  in  Fig.  6.  Now  the  kiln 
is  in  working  order,  and  the  fire  will  advance  every  day  along  one  cham- 
ber ;  therefore  one  chamber  is  daily  to  be  drawn,  and  one  chamber  to  be 
filled,  the  large  intercepting  damper  being  removed  and  advanced.  One 
valve  is  closed  every  day,  and  one  in  advance  is  opened,  thus  it  is  found 
expedient  to  have  generally  two  valves  open.  If,  however,  the  kiln  iq 
very  dry,  and  the  bricks  placed  in  the  kilns  quite  air-dry,  it  will  often  be 
found  sufficient  to  open  only  one  valve  at  a  time.  It  i$  not  neceeeary  to 
leave  the  whole  chamber  (6)  empty,  as  the  temporary  wall  may  just  as 
well  be  built  as  shown  in  dotted  lines  uearer  the  damper  Fig.  10|  and 
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Che  little  plaee  left  may  sooner  be  filled  or  left  half  filled;  that  is,  the 
bottom  part  to  guide  the  flame,  while  the  top.  part  may  remain  empty, 
which  would  permit  a  shorter  interruption  of  the  working  of  the  kiln. 
Of  course,  while  the  temporary  wall  is  drawn  and  chamber  (6)  set,  the 
dampers  or  yalves  10  and  11  should  be  almost  closed,  so  as  not  to  draw 
in  more  cooling  air  than  is  necessary  to  enable  the  workmen  to  operate 
on  chamber  (6). 

The  fire  on  the  kiln  should  always  extend  oyer  at  least  ten  rows  offeed- 
holeSj  and  as  soon  as  the  row  ta  adyance  is  ready  to  ignite  the  fuel  at  the 
bottom,  one  row  in  the  rear  is  left  off  firing,  and  thus  it  regulates  itself. 
It  is  yery  important  to  feed  at  regular  intervaU^  to  arriye  at  the  utmost 
saying  in  fuel  and  regularity  in  burning.  Presimiing  there  are  nine  rows 
of  holes  to  be  fired,  each  hole  should  be  fed  at  interyals  of  15  minutes  :-<- 
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At  the  full  hour,  row  Nos.  1,  4,  7  are  to  be  supplied  with  fuel, 

Five  minutes  past  the  hour,        Nos.    2,    5,    8, 
Ten        „        „  „  „      8,    6,    9, 

J^teei^  »        «  ,,   again    „       1,    8,    7, 

and  so  on.  If,  sometimes,  it  should  be  found  some  feed-holes  require 
no  supply,  the  fuel  not  being  sufficiently  consumed,  they  may  be  left  out, 
but  this  will  scarcely  happen  if  the  firing  is  attended  to  regularly. 

It  may  be  well  to  describe  the  working  of  the  kiln  in  a  few  words  to  un-' 
derstand  and  appreciate  the  principle  thoroughly.  The  cold  air  can  only 
enter  the  annular  chamber  through  two  door-ways,  yiz.,  one  for  drawing 
and  one  for  remoying  the  bricks.  As  it  proceeds  onwards  in  its  line  of 
draught  to  the  chimney,  it  enters  the  first  of  the  now  cooling  chambers, 
by  which  it  is  warmed.  As  it  percojates  amongst  the  bricks  in  the  second 
chamber,  its  temperature  is  considerably  raised ;  through  the  third,  it 
attains  a  high  burning  heat ;  and  in  the  fourth,  it  reaches  a  glowing  heat 
almost  as  high  as  the  burning-bricks.  With  its  temperature  thus  raised 
it  now  passes^the  two  burning  compartments  supplied  with  fuel,  and  mix- 
ing with  the  hot  gases  from  the  fire,  perfect  combustion  in  close  contact 
with  the  goods  is  the  result.  Passing  on  from  the  burning  chambers  it 
passes  the  7tb,  in  which  the  bricks  are  absorbing  the  waste  heat|  and 
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they  are  bronght  to  a  low  red  beat  before  any  fnel  is  supplied ;  tbe  8th 
chamber  is  warmed  to  a  good  heat,  the  9th  is  dry  and  warm,  while  the 
lOih  is  steaming  and  drying  off;  while  the  moist  gases  and  prodncts  of 
combustion  of  a  low  temperature  escape  into  the  chimney. 

The  only  skill  required  of  the  fireman  is  to  judge  when  he  has  arrired  at 
sufficient  heat,  and  this  he  can  easily  learn  by  looking  through  any  of  the 
feed-holes,  while  he  can  retard  or  quicken  the  progress  of  the  fire  by  clos- 
ing or  lifting  one  or  more  yalyes.  He  will  require  a  strong  draught  when 
a  new  chamber  is  added  for  8  or  10  hours,  while  after  that  time  for  the  re- 
maining 14  hours,  sometimes  one  yalye  open  will  be  found  sufficient.  Par- 
ticular care  is  to  be  taken  to  haye  the  caps  of  feed-pipes  always  well 
screwed  down  in  the  sand ;  to  see  that  the  intercepting  damper  does  not 
admit  any  air;  to  examine  all  closed  yalyes,  that  they  are  bedded  well  in 
sand ;  and  frequently  to  inspect  the  built-up  door-ways,  that  they  may 
preyent  any  cold  taP  from  entering  the  kiln.  The  attendant  should 
frequently  go  into  the  smoke  chamber,  and  inspect  the  yalyes  to  see 
whether  they  close  air-tight  in  a  bed  of  sand,  which  he  can  soon  learn 
from  a  whistling  noise,  or  by  moying  a  candle  round  the  seat.  For  this 
purpose,  a  manhole  should  be  proyided  to  allow  access  to  the  yalye 
chamber. 

In  tmng  coal  for  fuel,  the  fireman  has  a  small  hook  and  scoop,  the 
one  for  handling  the  feed-cap  and  the  other  for  supplying  coal.  He 
should  not  keep  the  cap  longer  off  the  feed-pipe  than  is  just  required 
to  supply  the  coal  with  his  other  hand,  and  he  should  inselH  a  yery 
little  at  a  time,  perhaps,  |  pounds,  just  enough  to  bum  away  dur- 
ing the  15  minutes  rest.  If  too  much  fuel  is  supplied,  the  central  flues 
will  be  stopped  up  through  the  accumulation  of  incandescent  fnel,  and 
the  result  would  be  an  increase  of  heat  at  this  particular  place,  melt- 
ingthe  bricks,  partly  cutting  off  the  draught,  and  thus  interrupting  the 
regular  working  and  progress  of  fire,  besides  causing  a  waste  of  bricks.  If 
required  to  retard  or  eyen  stop  the  progress  of  the  fire,  the  yalyes  in  the 
smoke-chamber  must  be  almost  closed,  only  leaying  one  yalye  about  one 
inch  open  to  preyent  a  back  draught.  The  fireman's  duty  is  therefore  to 
feed  at  regular  interyals,  and  keep  the  kiln  everywhere  air- tight,  so  that 
no  cold  air  is  allowed  to  enter  except  through  the  two  open  door-ways ; 
and  he  will  haye  no  difficulty  in  burning  sound  bricks  rapidly. 

Plate  IX.,  explains  the  construction  of  the  intercepting  damper  in 
detaiL    The.  damper  consists  of  three  iron-plates  A^  B,  0^  one  placed 
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AboYe  fhe  other ;  against  the  drop*arch  D,  is  a  shore  in  which  the  sereral 
pieces  slide,  while  the  damper  is  being  remoyed.  For  removing  the 
damper,  little  crabs  are  applied  to  raise  the  upper  plates,  while  the  lower 
ones  are  withdrawn. 

The  iron-work  for  each  kiln  of  14  chambers  consists  of— 
280  sets  of  feed-pipes  and  caps, 
14  80-inch  yalves. 
2  large  intercepting  dampers. 

4  sets  of  feed-pipe^  and  1  ralre  of  80-inch  diameter  are  sent 
as  reserre  pieces. 

46.  Ooloored  Bricks.— The  subject  of  Coloured  Bricks  wiU  be 
treated  of  under  the  following  headings  :— 

1.— Terra  Cotta. 

2.— Colouring  bricks,  &c.,  bj  mixing  certain  colouring  matters  with 
the  clay.  « 

3. — Colouring  bricks,  &c.,  by  dipping  them  in  a  colouring  liquid  after 
they  are  burnt. 

49.  Tbrba  CoTTA.— 'This  is  the  term  applied  to  a  material  rery  ex- 
tensiyely  used  in  England  for  ornamental  work  of  various  kinds,  such 
as  cornice  mouldings,  vases,  statuary ;  and  for  many  similar  purposes,  as 
a  substitute  for  carved  stone  work. 

It  consists  of  a  superior  description  of  earthenware,  prepared  and 
burned  in  much  the  same  way  as  bricks  or  tiles,  but  with  greater  care  and 
nicety,  both  as  regards  the  selection  and  preparation  of  the  clays  used, 
and  also  in  the  mode  of  burning. 

The  principal  feature  in  the  material  however  is,  that  it  always  contains 
a  certain  proportion  of  ground  glass  or  pottery  ware,  or  of  both.  This 
material  has  the  effect  of  reducing  the  shrinkage  of  the  brick,  &c.,  in 
burning,  and  also  of  making  it  unusually  hard  and  impervious  to  water, 
so  that  it  stands  the  effects  of  any  weather  better  than  most  kinds  of 
stone. 

The  clay  for  this  kind  of  material  is  prepared  with  great  care,  and  so  it  is 
also  for  kinds  of  ornamental  bricks  and  tiles.  It  is  sifted  in  a  dry  state, 
and  then  mixed  in  large  tubs  with  a  great  quantity  of  water,  being  worked 
about  with  spades  or  similar  tools,  the  ground  glass  or  pottery  ware  being 
mixed  with  it  as  thoroughly  as  possible.  It  is  then  lifted  out  and  placed 
in  large  rough  wooden  boxes,  with  joints  suificiently  open  to  allow  the 
water  Ao  run  off.    When  this  has  drained  off,  and  the  clay  b^ome  dry 
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enough  for  the  png-mill,  it  is  passed  through  it  averal  time$,  and  is  then 

fit  for  the  moulder's  table. 

The  following  are  the  details  of  ndxture  for  different  classes  of  tern 

eotta  in  use  in  England  :— 

No.  1.  Far  beat  class  of  large  goods, 

10  Bnsheli  of  DcTonshire  day. 
5         I,  crashed  potterj  ware,  foAife. 

2  M  ground  glass  (c£wifft0ii  ^Iftcf). 

3  „  white  sand,        I  „.^  ^^  omitted  if  not  ayailable. 
1         n  calcined  flinti     \      '  ^ 

Shrinkage  j-inch  to  the  foot    Time  of  burning,  from  5  to  6  days.* 

No,  2.«->For  archiUctural  purposes, 

10    Bushels  of  Donetriiixe,  or  Poole  day. 

4  „  crashed  pottery. 

1         „  crashed  glass  {eomnum  hottlet), 

1  „  white  sand,        )         .        .... 
li       ;;  caldnedtot,     }  ^7  »>•  <«°^'**^ 

Shrinkage,  |-inch  to  the  foot.    Time  of  burning,  from  4  to  5  days. 

No.  3,— For  architectural  purposes, 

8    Bnshels  of  red  clay  from  Ererton  in  Surrey,  or  London  clay. 

8  „  cniahed  pottery, 

2  „  white  sand. 

1  „  ground  glass. 

According  to  colour  required,  add  a  portion  of  red  ochre  and  burnt  umber. 

Shrinkage  ^-inch  to  the  foot.    Time  of  .burning,  about  4  days. 
No,  4. — For  red  flooring  bricks  {and  tiles), 

-    12    Bushels  of  red  clay. 

5  „  sand. 

2  „  crashed  pottery  or  ei<f{^0i  6ncA. 

Shrinkage,  1  inch  to  the  foot.    Time  of  burning,  about  4  days. 

No,  5.    For  roofing  tiles. 

9  Bushels  of  red  day. 
5         „  sand. 

Shrinkage  and  time  of  burning,  the  same  as  for  No.  4. 

The  pottery  ware  used  as  aboye  is  not  crushed  to  a  rery  fine  powder^ 
but  is  reduced  rather  to  a  gritty  state.  The  glass  on  the  other  hand 
is  reduced  to  a  fine  polrder. 

•The  time  reqnirtdfot  burning  these  ipeoimeBSiU  noted  for  eieh,  it  the  time  neoeeiaiy  after  the 
kiln  hae  been  fairly  heated,  and  all  moistnxe  dziren  off  from  the  goods.  Thla  will  reqoire  a  gentle 
firing  of  ftmr  or  flre  da^  and  when  all  sign  of  iteam  from  the  kiln  oeaeea,  the  firiiig  is  oontinned 
Tigorotialy  then  for  abottt  four  or  fire  days  longer,  till  the  goods  aie  saffldentlar  homed. 

4t«  farther  remarks  under  the  head  of  Sur»iH0* 
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60.  CoLOTTRXM  OF  BaiciK8.«--Tliere  are  two  metliods  in  use  for  this 
purpose ;  one  by  mixing  certain  colouring  matters  with  the  day  before 
burning,  and  another  by  dipping  the  brick  in  a  colouring  liquid  after  it  is 
burnt 

The  first  method  may  be  adopted  when  the  colouring  matter  is  avail- 
able in  sufiScient  quantity,  and  is  not  too  expensive,  but  the  second 
method  is  particularly  well  adapted  for  expensive  colours,  and  admits  of 
a  great  variety  of  colours  being  produced  at  comparatively  little  cost,  and 
with  little  risk  of  failure  or  trouble. 

The  following  three  cases  come  under  the  head  of  the  first  method. 

1«— To  make  brown  or  atone  coloured  clay  into  a  light  red  when  burned. 

Take  6  bnshelB  of  day. 
„     1     „  yellow  ochre. 

„     1     „  red  brick,  or  Mr^t. 

Mix  together  and  put  through  pug-mill  as  described  above* 

2« — To  give  a  yellow  colour  to  bricks. 

For  bricks  of  this  colour,  the  clay  should  be  of  the  kinds  known  as 
Bedfordshire,  Dorsetshire  or  Suffolk  clay;  but  the  yellow  colour  will  be 
increased,  or  produced  from  red  clay  even,  by  adding  red  ochre,  and  crush- 
ed yellow  brick  and  pottery  ware  if  available. 

8. — For  best  blue  bricks,  (or  tiles*) 

1    Bnahel  of  gronnd  flint 
1         „         best  fine  clay  Hfted. 
I    '  „         ground  glass  {eommon  hMes). 
8|       I,         French  ultramarine. 

Mix  well  together  and  put  through  pug-mill  as  before. 

iVbte.^'ThiB  mixture  and  the  next  are  rather  intended  for  plain  flooring  tiles,  or  for 
filling  in  the  coloured  portions  of  a  pattern  in  an  ornamental  tile,  than  for  bricks. 

Bricks  for  these  colours  can  be  obtained  more  suitably  by  dipping  in  a  colouring 
liquid,  as  explained  further  on. 

Some  colouring  matters  change  their  colours  when  exposed  to  great  heat :  for  ins- 
tance, red  ochre  bums  jellow  and  yellow  ochre  bums  red. 

The  foUowing  retain  their  colours  though  exposed  to  white  heat : — ^French  ultrama* 
rine  light  red  and  Indian  red. 

4.    For  black  bricks,  (or  tiles.) 

1  Bushel  of  any  clay,  not  red, 

H       „       ground  cinders,  not  very  fine. 

2  „       manganese. 

If  for  best  work,  such  as  terra  cotta,  add 

1      Bushel  of  gronnd  black  glass. 

Mix  and  put  through  pug-mill  as  before. 
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Slue  £ncX;«.— The  colonr  of  the  famous  Staffordshire  bine  brieks 
appears  to  be  dae  to  the  iron  that  is  in  the  clay  naturallj,  bnt  the  bricks 
assume  the  blue  colonr  only  if  subjected  to  a  very  great  heat  in  the  kiln. 
If  burned  to  a  certain  pitch,  they  become  red,  like  ordinary  bricks,  but 
if  the  fire  be  increased  and  continued  for  about  twenty-four  hours  longer, 
the  colour  changes  into  a  yery  dark  blue,  or  nearly  approaching  a  black. 

It  is  usual  also  to  throw  from  two  to  three  shovels  fall  of  common  salt 
into  each  furnace,  just  before  the  fire  are  allowed  to  die  out.  This  has 
the  effect  of  producing  a  glazed  surface  npon  the  bricks. 

They  are  much  used  for  payements  in  the  side  walks  of  the  streets^  as 
well  as  in  buildings,  and  stand  the  heayy  wear  well. 

In  moulding  them,  the  dry  moulding  system  is  used,  but  instead  of  sand 
for  sprinkling  the  mould,  they  use  a  material  known  among  the  people 
as  "  swarf."  This  is  merely  the  dust  which  collects  from  the  grinding  of 
edge-tools,  and  such  like,  and  which  can  be  had  in  considerable  quantities 
in  those  localities.  This  dust  helps  to  intensify  the  colour  of  the  brick, 
and  in  fact  produces  a  kind  of  surface  of  iron  matter  upon  the  brick. 
But  independent  of  it,  there  is  sufficient  iron  in  the  clay  to  produce  the 
colour,  provided  the  brick  be  burned  sufficiently.  Other  clays  will  not  stand 
the  great  heat  necessary  for  these  bricks. 

61.  The  second  method  of  Colouring,  by  Dipping,  is  a  very  simple 
process,  and  bricks  or  tiles  coloured  in  this  way  will  stand  any  amount 
of  exposure  to  the  weather  without  loosing  their  colour.  There  is  another 
good  result  from  colouring  in  this  way,  the  surface  of  such  a  brick  will 
never  take  on  any  vegetable  matter  when  exposed  to  a  damp  atmosphere. 

The  materials  used  for  the  colouring  liquid  are— Turpentine^linseed 
oil — and  litharge ;  with  colouring  matter  as  may  be  required. 

An  earthenware  box  is  provided,  a  few  inches  larger  each  way  than  a 
common  brick,  and  it  is  half  filled  with  a  red  liquid  of  about  the  consis- 
tency of  thick  cream. 

The  bricks,  &c.,.  to  be  coloured  are  laid  upon  an  iron  plate,  with  a  fira 
underneath.  The  place  may  be  large  enough  to  contain  a  couple  or 
three  score  of  bricks.  The  bricks  are  heated,  not  to  a  great  heat,  but 
too  great  to  admit  of  their  being  handled. 

They  are  then  taken,  one  at  a  time,  and  dipped  into  the  liquid  in  the 
box  for  a  few  seconds,  then  placed  on  a  table  to  dry,  which  they  do  in  a 
few  minutes.    They  are  then  tak^  and  slightly  washed  with  the  hand 
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OT  a  Ht.of  rag,  in  si. trough  of  cold  water,  and  placed-aaide  to  dry.  TMb 
C9«»p}ejU9  ih^  wbol^  process. .  .,.   .. 

,,]lf  the  Ji^ricj^.be.open  and  .porous,  s|icb  as  a^y  (^pp^aoi;^  .brick  \s\t  .thf» 
c^ourii^g. matter, will  penetrate. ^bout  oz^e-eighth  of  an  inch;  but  for 
bricl^.co^taini^^  a  pjQirtion,Qf  glass  i^id  crockery,  such  as  tei;ri^  cp^ta, 
tl^Q:G9lpuijuag  chatter  vill  not. penetrate,  so  far.  Howerer,  .in  eiijher  ca^P 
thp  colowj.giv.^n  p)  ifxe  bficki^  tbprougbJiy/>a*fe!aAd  l^^Ungf 

..The, fallowing  ,a;re  ,the  proportions  juspd  for  epme.pf  the. opioids  :--  ,, 

1.    For  dark  rpibrickf* ,,,    i    .  ;    ,,;  .     .    ,, i 

U.pin^of  t.in:|)ent}ne..  ,     ,,      ,     ,,  .,   ,.,,,, 

li       ,,       linseed  olL 


r  .  I     I  I  • 


)  pound  of  litharge. 
'•  ■'''!  otmoe'Of  India  red;*  -i    ■  i-   ••  ■...,  m  ... 

ix  well  together  and 'Use  as  explained  aboye.    I"     <    c    >•    * 

2*^' iJF^:blue  bricks,  •     •        i 


r    ;•  1,  ( pint  o£ turpentine.. 


t     /        1  '  ■  •  1  . I '  • "! 


,..,..   1     ...      linseed  oil. 
i  onnce  of  litharge. 
'  '  ''    "  1' pbhndotTWeddiultramannd.  '  ' '     "• 

Mix 'snd' use  as  above.    ••   •«   ■  "'■'     ■     •  i         •      ■•    ■'•!•  •"'    •> '• 

"i»    Fi^'ilacfch'ichi,  -^-'^      ^  '••  •• 

d  ounces  of  litharge.  ..      •  ir 

..:,...     -6.      „,       mimganese.     ^  ....      ,.  ,- 

4        „         linseed  oil,  boiled. 

'=   '6  ■     'ii'       to^pentihe.  -      ■        •  •      •      •-  •-«  •  •  ••' 

^^'  For  gray  hichi, 

.,>'    !  '  8  onnqss ol  white l^d.  .\ 

1       M        litharge. 
1        „        manganese. 
•'  ■'•       t       \,  "  '  'boiled-linseed  oili''  '  •  •      •  =  •  '^      ••      '•  "   '"  '" 

4     '  „■    --    torpentine.:  ;  c      i.    j-  "'; 

Froan  these;  specimens  itiwiU  he  seen  that, any  colpuri may ;be. pro- 
duced, the  fundamental  items  being  the  MAaf^^,  turpenUnei  wdA  oiL;  f* 

Colouring  materials  could  be  had  in  great  yarietj  in  India,  in  aiiy 
bazar  almost.-  '•.:■•     a       :        •  i 

If  a  brick;be  dipped  in  one  of  the  abore  U<)uid8i|.and.againei^po8edito 
gigreat  heat  it  ?rjll  become  glased.  >  .  i 

These  colouring  liquids  are  solnetimesi  used  where  the  brick,  cannot 
either  be  (dipped  or  heated  conveniently,,  as  in  rthei'case  of  bricks  already 
built  into  a  wall.  '  In  such  a  ease  the  bricks  are  carefully  cleaned,  and 
the>  liquid  heated  and  laid  on  with  a  brushi    It  does  not  penetrate  the 


Brick  feo  well  tUd  way,  b^t  th^  col&ctt  dtAndd  the  effects  'of  libe  'wi&atlier 
WodatkaMyWell;-  '  ""•    '-'  ^■"-    '  •  "     ^  •••••■:'"     -;'«.'   "••• 

62.  Bxj^irtira. — ^The  Imrnmg'  6f  terra  cotta  j^odd  of  all  kinds,  indtid-* 
iog  dmiunental  bticks,  has  td  be  ihUnag'ed  withgreAt  care  atid  nicety ; 
but  there  is  otie  pecoHaritj  iii  the  operiatioA  withotlt  Which  the  Mdfe^roxity 
of  colonriiecessarj  for  sndi  goods  donM  not  be  srt^tained.  The  jg^ds' And 
completely  endbsbd  iii  a  casei  of  fiire  bifick,  of  muj^^  aS  it  is  Mllcfd^^diid 
the  fire  is  not  allowed  to  come  in  Contact  with*  thekn  in  ahy^  way/    " 

The  accdidpanying  plan  of  the  kiln  will  show  thenatoTe  of  th^  limiige- 
inent.'(P/attf"X.)  •-.■.•■':    .,•  ...   •.••,,.    ■..  ...^ 

The  inner  face  Of  the  mam  Walls  and  the  mnffle  are  of  fire  brich^  ttud 
t&e  muffle,  as  will  be  observed;  formr  acomplete=  shell  instde  =of  thekihi. 
The  mnffle  has^  i^thin  arched  floor,  ander  which  the  fires  play, 'and  between 
the'  WAII^  of  the  mnffle  and  the  walls  oMhe  kiln,  there  are  'small'opeh 
ilpabes  left,  so  as  to  allow  thieheat  from  the  furnaces  tocircnlale  completely 
tbnlid,'and  above  the  mnfflei.  It  has  an'  arched  top  also,  and^correspomls 
With  it^  general  form  of  the  kiln.  The  space  between  the  mnffle  «nd<tho 
tr'alls  of  the  kiln  is  abotit  fonr  inches,  but  at  the  top  it  is  about- a  faot« 

The  gbods  aife  arranged,  tath^r  openly;  inside  of  themnffle,  andy  in 
the  case  of  articles  that  would  be  likely  to  get  injured  from- having 
others  placed  upon  them,  it  is  usual  to  make  slight  and  temporary  pil« 
latS'of  fire  brick;  as  may  be  required;  in  thebod^  of  the  kiki ;  and  on 
these  broad  slabs  of  the  same  material  are  placed  for  the  support  of 
the  YAriOus  artides  tO' be  burned.    '  •  ' 

^  The  whole  Weight  ^f  tho  'goods  rests  upon  the  arched  floor  of  the 
muffle,  ^d  as  this  floor  must  be  thin  enough  td  allow  the  heat  from  the 
furnaces  undehiefl^h  to  piiss  through  it  readily,  afnd  strong  enough  to 
support' the  weight  of  the  goods,  the  difficulty  is  met  by  constructing  a 
series  of  ilibs  in  the  Arch,  of  greater  depth  than  the  floor  generally. 
These  ribs  are  at  iiitertalB  of  about  6  inches. 

To  allow  th^  heat  to  pemetrate  as  easily  as  possible,  the  walls  and  top 
6f  thi  mtiffle  are'coHstrttcted  of  brick-K)rt-edge.  • 

Thd  plan'  of  a  portion  of  the  main  waU  of  the  kiln  and  themnffle  wall 

is  like  the  rough  sketch  in  the  margin ; 
'  and  the  heat  ft^m*  the  furnaces  cdmes 
.  np  through  the  spaces  n^axk^ed.a.    The 
arched  roof  of  the  muffle  abuts  upon  the  maiii  walli  ' 
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The  main  walls  of  the  kiln  are  clamped,  and  held  together  by  fitrong 
iron  bands.  There  is  one  that  goes  all  round  it,  up  near  the  top^  whera 
the  arches  of  the  kiln  and  muffle  spring  from,  and  there  are  upright 
cast-iron  ribs  at  each  comer,  connected  with  iron,  rods  running  along 
the  masonry  of  the  main  walls.  The  expansion  and  contraction  of  these 
iron  bands  cause  the  walls  to  crack  a  good  deal,  but  the  iron  holds  them 
together,  and  they  would  not  stand  without  this  support. 

The  kiln  is  filled  and  emptied  at  the  door  shown  at  the  back. 

When  filled,  this  door — first  the  muffle  and  then  the  main  wallas  built 
up,  but  there  is  an  earthenware  pipe  built  into  the  masonry  nearly  perpen- 
dicular to  the  face  of  the  wall,  and  through  this  pipe,  the  steam  from  the 
.damp  goods  escapes  during  the  first  three  or  four  days  of  the  firing.  It 
serres  also  as  an  opening  for  observing  the  state  of  the  goods  during  the 
burning,  and  it  is  usual  to  place  a  few  pieces  of  material  to  be  burned, 
made  into  the  form  of  rings  near  the  inner  end  of  the  pipe.  One  of  these 
rings,  or  proofs  as  they  are  called,  can  be  drawn  out  at  any  time  with  an 
iron  rod,  so  as  to  observe  the  progress  of  the  burning.*  A  common  black 
bottle  is  generally  placed  also  near  the  proofs^  and  when  it  melts  and  sinks 
down  into  a  shapeless  mass,  the  burning  may  be  considered  about  done. 

When  finished,  the  whole  of  the  furnaces  and  other  openings  are  care- 
fully closed  up  and  roughly  plastered  with  clay,  and  the  kiln  left  to  cool 
for  a  week  or  so,  after  which  the  door  may  be  opened,  and  the  goods 
taken  out  when  cool  enough  to  be  handled. 

If  goods  of  different  colours,  such  as  white  clay  and  red  clay,  be  placed 
close  together  in  the  kiln,  they  will  mutually  tinge  each  other ;  that  is 
the  red  goods  will  receive  a  tinge  of  white,  and  the  white  ones  of  red. 

53.  Moulding. — All  terra  co tta  work  and  ornamental  bricks  are  mould- 
ed in  plaster  of  Paris  moulds.  The  pecu- 
liarity  of  these  moulds  will  be  understood 


m^:mX^¥mM^^^  "     ^^^^  *^®  rough  sketch  in  the  margin,  which 

^  represents  a  section  through  the  mould. 

The  outer  shell  of  the  mould  is  represented  by  the  part  marked  b,  and 

there  are  four  separate  pieces  marked  a,  two  side,  and  two  end  pieces ;  c 

represents  the  clay  of  the  brick. 

The  clay  is  very  carefully  pressed  into  the  mould  with  the  hand,  first 

*  Any  kind  of  fad  that  -wiU  bnro  tnlBkly  "vrUl  aiuweor  for  tb«  IsShu   Both  coal  and  coke  are  need 
Inlngland;  Imt  wood  would  do i|aUe  well. 
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ronnd  the  edges,  and  then  in  the  centre,  and  the  clay  is  nsed  in  a  stiffet 
state  than  for  ordinary  brick  moulding.  When  the  monld  has  been 
properly  filled  and  finished  off  at  the  top,  it  is  nsual  to  scoop  out  two 
or  three  holes  in  the 'brick  with  a  scoop-shaped  hand  tool.  The  object 
of  this  is  to  facilitate  the  drying  and  burning  of  the  brick.  These  holes 
also  are  useful  in  unloading  the  kiln  should  the  bricks  be  too  hot  to 
handle,  as  they  may  then  be  pulled  out  with  a  hooked  iron  rod ;  and 
they  give  a  hold  to  the  mortar  in  the  masonry. 

To  take  the  brick  out  of  the  mould,  a  small  board  is  placed  on  the  top 
of  it,  and  the  whole  inverted.  The  part  b  is  then  lifted  off,  and  the  side 
and  end  pieces  remored.  By  this  arrangement,  there  is  no  risk  of  spoil- 
ing the  shape  of  the  brick,  as  there  would  be  in  the  ordinary  method  of 
brick  moulding. 

54.  Grimdiho  Mill. — This  is  an  important  article  in  all  work  of 
the  kind  referred  to  in  the  foregoing  pages.  The  accompanying  drawing 
represents  one  of  the  best  description  of  this  kind  of  machine. 

The  two  cylinders  are  of  cast-iron,  and  weigh  from  IJ  to  2  tons  each. 
Their  faces  are  covered  in  with  cast-iron  plates  flush  with  the  flange,  to 
prevent  the  latter  from  lifting  up  the  material  being  ground. 

The  cylinders  work  in  a  large  cast-iron  pan,  which  contains  the  glass, 
crockery  ware,  or  other  material  to  be  ground. 

The  thin  curved  pieces  attached  to  the  chains,  drag  through  the 
material  and  prevent  it  from  getting  caked  under  the  cylinders. 

The  grating  looking  piece  in  the  bottom  of  the  pan  is  for  the  purpose 
of  emptying  it,  by  letting  the  material  pass  down  when  ready.  The 
piece  slides  inwards  a  little,  by  means  of  a  lever  handle,  till  the  slits 
in  the  piece  correspond  with  similar  ones  in  the  bottom  of  the  pan. 

It  takes  about  two  horse-power  to  work  one  of  these  mills. 

The  drawing  req[uires*no  further  explanation. 


Note.— Bee  Appendix  II. 
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'"'■'     '' r  . .-'  !    •   ■/    TILlES."         '  ■■  ■  •■  ■   ^'    •  ■ 

'  ■ '    •  ■ .  .  • '  ■*.'..     ,   .  .  ■ . 

S5.    Tiles  are  of  three  kinds^RooFiNO-TiLSs,  FLOOBiKa-TiLEi,  and 

pRAiN-TiLBs.    Tile3  require  if  posBible  more  care  in  constmctibn  tKan 

bricks^  as  from  their  greater  delicacy  they  fp*e  more  liable  to  derange- 

'''       .'•-■  ■       ,<•  ,,  ... 

•ment.  The  clay  should  be  much  stronger  than  for  bricks,  yery  little 
sand  being  used,  and  that  only  for  the  yery  plastic  kind.  No  ashes, 
chopped  straw,  saw-dust,  or  any  other  foreign  substance  can  be  admit- 
ted.  The  best  clay  will  generally  be  found  below  the  brick  soil,  and  the 
blue  clay  is  particularly  good  for  tile-making ;  the  same  preyious  prepa- 
ration of  tljie  clay,  and  the  same  mode  of  working  and  tempering  is 
necessary ;  and  the  more  effectually  to  render  its  state  uniform  and 
yielding,  so  that  in  moulding  it  to  the  yarious  forms  required,  it  may 
not  crack,  the  puir-mill  should  be  employed,  from  whence  the  clay 
should  be  remoyed  to  sheds  under  which  the  moulding  is  conducted. 

Patterns  in  wood  of  the  exact  form  of  the  tiles  to  be  made  should 
be  giyen  to  the  moulders,  as  well  as  forms  on  and  in  which  tiiey  are  to 
mould  the  tiles,  which  will  of  course  yar^  with  the  kind  required,  ahd 
sliQuld  be  of  hard-seasoned  wood  dif  the  simplest  coh&itrueiiol!i,  ind  not 
liable  to  warp.  These  are  the  more  necessary,  and  their  u^e  should  be 
enforced,  to  preyent  a  common  practice  of  the  natiyes  of  sticking  on 
strips  of  clay  to  the.  edges  of  a  flat  or  sole  piece  to  form  the  raised  sides, 
which  can  be  broken  off  by  the  finger  and  thumb  when  burnt.  They 
should  be  made  in  one  piece  l)y  the  aid  of  a  moiild  for  the  purpose,  the 
edges  being  either  turned  up  oyer  a  square  edge,  or  worked  into  the 
sole,  and  the  upper  edge  trimmed  with  an  iron  tool.  The  drying  should 
be  entirely  in  the  shade  in  the  hot  weather,  as  from  being  thin,  the  tiles 
will  warp  if  exposed  to  the  sun ;  great  care  should  be  obseryed  in  laying 
them  out  to  dry,  and  when  set  firm,  so  to  arrange  them  on  edge  that 
the  air  may  baye  access  to  all  their  surfaces.  A  fence  should  encircle 
the  drying  sheds  to  keep  out  dogs  and  stray  cattle. 

There  is  not  a  material  in  use  in  India  that  requires  more  attention  to 


inipf oy«  it  Iban  the  tile.  The  present  almost .tmiversal  kind,  is  light, 
poroas^  and  absorbs  waAer,iftsal]jecito  be  displaced  by  high'wiad.of  .birdtf^ 
and  in  the  attempt  to  repair  one  of>  these  bisomt^liketiles^a  man  inas* 
eent  and  descent  cracks  twenty  more.  They  are  be8ides.hardly.weathevr 
proof,  and  cannot,  except  in  combination  with  that  cemrbnstible  «ad 
peifshable  material^  gnes,  rednee  the  interior  of  a  building,  to  a  habits 
able  temperature,  whilst  their  diminutive  size  'Mndera  the  use  of  a 
bamboo  frame  nedessary  on  which  to  lay  them^  which  being  perisbiAlej 
rote,  or 'ia  worm-  eaten  and  sinks ;  the  roof  then  leaks,' its  timber  decays^ 
and  the  goods  contained  in  the  building  are*  damaged.  In  addition- to 
whidiy  the  expense  and  trouble  of  their  renewal  is  constant  and  greatb 
These  are  surely  reasons  enough  to- show  the  necessity  for  tke*  manu^ 
liactureof  a  blotter  descriptioti  of  materiri.  '  •  *' >  *  .•  <  ><  — 
66.  In  most  parts  of  India,  three'descriptions'of  roofing  tiles  atfo 
sMsdOy'Tiai,  the>PoMt7e,  the  i^an^s  and  the  Pla$iiite.^  'TBer^  "kre  also 
the  S  iile^  and  the  large  kind  generally  knowU'esGowlto^'e  tile.     <    ••  > 

::  Poti  tfles.u.The  patare  tertned  h&lfi  (locking)/  or^eommonly,  kulji* 
ddr^  and  are  either  used  with  other  kinds'^by  ooreHng'  their  -raised 
edges :  lor  the  roof  i»  of  curved '  tiles  only^' locking  into  each  other  by 
having  tlie>  adjacent  rows  laid  with*  the  confvex  and  the  vonoare'  sides 
ilppermost,  al>teroatelyu  The 'same  arrangvment  is  better  answered  by 
using  the  S'tiiesj  wkieh,  if  well  made  and<of  a  good  si2ie)>make  Iwex^ 
oellent*  (water-tight  roo£/'  Theebjeetion  to  th«m  is  th^e  difficulty  of 
repairing  the  roof)  if 'any  get  broken^  It  is  tflso  generally  difficult'to  g^t 
ihem' irtade of  ik'prop^ •shape;"    :'•'  ""   '•'■^■'^'  -•''''    ''■"-"  -  "  •  ■•  •'<"•' 

•  > lfilei» are genemlly laid inmoi^r on  a firame-^Wotk of  bambcw>s  and matsi 
Sometimes  theyiareused  orer  athatchin|g  of  grasS)  bntitkiffiirrangmisnt 
is  notncomanended,  as  the  grass  rotf,  the  tileeget  displaced^  "and  ihd 
roofles&s.-'  Goodwyn'&tUetf  are  laid  in  moitai^  over  a  layer  of'flatBquari 
tiles;  they  bare  been  laargely  emplK^ed  in  tbe 'Punjab  bam^acke,' and 
mah»  an  excellent^  thougch  "Somewhat  heavy,  ^rooi*  (the  detttUsof  which 
afe  deeefibed  in  the  S<do<md  VolulttLiB  Of  the  Treatise).    <"      << 

•The  pot-tiles  are  madeon  a  potter's- wheel,- "abd  together  with  the  fiat 
tilesj  aredu'India  btumt  in  an  open  clamp  With  dri^cowdunginthe  sadi« 
manner  as  ikrieksi  •  'Drisd*  oowdung  it  an  ezfMlleht  fud  i6t  the  (purpose j 
much  resembling 'peat,  as  it  gives  a  strong  heat  without  blaaingot 
burning  fiercely. 
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The  larger  the  tiles  can  be  made  the  better,  as  thcj  are  then  less  easily 
displaced  or  broken, bj  birds,  and  as  barracks  are  frequented  by  tuI- 
tares,  adjutants,  crows  and  other  camirorous  birds,  this  is  a  matter  of 
much  importance ;  large  tiles  are  more  difficult  to  ,make  and  to  bum 
than  small  ones,  but  as  they  also  coyer  a  greater  area,  they  will  often, 
on  computation,  be  found  not  to  be  so  much  dearer  as  at  first  they  may 
seem  to  be,  judging  only  by  the  price  per  thousand. 

The  Pan-tile  is  in  shape  similar  to  the  pot-tile,  differing  from  it  only 
in  being  shorter,  heayier,  and  less  curyed.  As  made  by  the  natiye  con- 
tractors, it  is  also  of  yery  inferior  material,  but,  as  only  one  kind  of  clay 
is  used  for  both  the  pot  and  pan  tile,  and  equal  care  should  be  taken  in 
tempering  and  manipulating  it  in  both  cases,  an  equally  good  tile,  as  re- 
gards quality,  is  obtained  by  moulding  as  by  turning  on  the  wheel,  with 
the  further  adyantage  of  ensuring  a  uniform  size. 

27.  Tile  Manufacture.— In  the  manufacture  of  tiles,  as  in  bricks,  the 
quality  of  the  ware  depends  chiefly  on  three  particulars,  yiz.,  the  nature 
of  the  elay^^tunpering^^BXid  burning.  The  following  is  the  method  as 
practised  by  the  Madras  Sappers  at  Mercara  :--> 

Tils  CLAT.-^The  clay  used  is  of  a  blackish  colour  and  yery  stiff,  gene- 
rally found  underlying  the  brick-earth,  from  5  to  10  feet  below  the  sur- 
face of  the  ground,  in  the  vicinity  of  paddy  or  marsh  lands.  It  is  stiff 
enough  to  require  a  little  sprinkling  of  the  brick  loam  immediately  oyer- 
laying  it,  or  else  of  sand ;  the  proportion  of  loam  to  clay  yarying  with 
the  quality  of  the  latter,  which  experience  can  alone  determine. 

The  clay  is  usually  uncallowed  and  dug  out  immediately  before  the  rains, 
and  spread  in  heaps,  in  which  state  it  is  allowed  to  remain  during  the  four 
or  fiye  monsoon  months,  with  the  yiew  of  breaking  down  the  harder  and 
knotty  pieces,  so  as  to  render  them  easier  worked  :  but  as  it  is  found  in 
England  that  wet  retards  the  process  of  weathering,  while  hot  dry  weather 
or  frost  is  beneficial,  this  practice  may  be  deemed  questionable,  until  some 
direct  experiments  haye  been  made  to  determine  its  adyantage  or  otherwise. 

After  the  rains  cease,  the  clay  is  put  into  tempering  pits,  about  one 
foot  deep,  of  any  conyenient  area^  and  the  bottom  payed  with  bricks, 
where  it  is  coyered  entirely  with  water  for  about  twenty-four  hours,  when 
a  little  more  water  is  thrown  oyer  it.  At  the  expiration  of  about  twelye 
hours  after  this,  the  clay  is  trodden  by  men's  feet  for  two  or  three  hours, 
which  completes  the  first  course  of  tempering.     It  is  then  rcmoyed  into 
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sheds  by  the  same  people  who  tread  it,  and  is  there  formed  into  conical 
heaps  abont  four  feet  high.  These  heaps  are  cat,  or  rather  pared,  down 
in  thin  slices  from  top  to  bottom  with  a  circular  iron  cutter  (Plate  XIV., 
Fig,  1),  which  process  is  repeated  three  or  more  times,  until  the  hard 
pieces  and  stones  hare  been  broken  down  and  cleared,  and  the  mixture  of 
clay  and  loam  well  amalgamated.  It  is  then  well  worked  and  kneaded 
with  the  feet  on  hides  or  boards  into  a  stiff  paste,  every  hard  substance 
which  the  eye  or  feet  detect  being  remoyed,  when  it  is  in  a  fit  state  for 
the  potter  or  moulder. 

MouLDiira. — For  making  pan-tiles,  a  gang  of  three  people  only  is 
required,  viz : — 

Temperer  (man)  1 ;  moulder  (man)  1 ;  Cleaner  (boy  or  woman)  1. 

Temperer. — The  temperer's  duty  is  simply  to  prepare  the  clay  in  the 
way  aboTC  described ;  for  effecting  which,  all  he  requires  is  a  mamuti  or 
spade,  a  chatti  and  a  basket,  and  to  carry  and  place  the  clay  in  heaps 
by  the  side  of  the  moulder.  Water  is  supposed  to  be  sufiSciently  at 
hand  to  allow  of  the  temperer  fetching  it  himself. 

Moulder. — The  moulder  sits  on  the  ground  with  his  mould^Fig.  2),  toaier 
trough  and  Btrike  {Fig.  8)  in  front,  and  after  coyering  his  mould  with 
wood  ashes  or  finely  sifted  brick-dust,  preyiously  deposited  near  him,  he 
takes  off  with  his  hands  a  piece  of  clay  more  than  sufficient  to  fill  the 
mould,  which,  after  roughly  shaping,  he  throws  into  the  mould  with  all 
his  force,  taking  care  to  work  it  well  into  the  comers  and  other  parts,  and 
then  cuts  off  the  superfluous  clay  with  the  bow  {Fig,  4),  made  of  wire  or 
of  string  stretched  on  any  elastic  piece  of  wood.  He  then  presses  his 
strike,  a  flat  piece  of  wood,  or  ruler  15  inches  long,  2  or  8  inches  broad, 
and  half  an  inch  thick  {Fig.  8),  backwards  and  forwards  oyer  the  clay,  till 
the  surface  is  tolerably  smooth  and  leyel  with  the  upper  surface  of  the 
mould ;  after  which,  opening  the  thumb  and  Angers  of  his  left  hand,  he 
presses  the*hand  thus  extended  slightly  on  to  the  clay  in  the  mould,  which, 
adhering  to  the  p)am  and  fingers,  is  easily  lifted  out  and  placed  on  a  burnt 
pantile  near  him.  Each  succeeding  piece  thus  taken  out  is  placed  on  the 
top  of  the  preyious  one,  until  a  heap  of  twenty  is  collected,  when  a  new 
heap  is  begun,  and  so  on.  The  heaps  are  left  till  the  following  day  to  diy  a 
little,*  when  the  moulder  shapes  them  into  the  curyed  form,  on  the  conyex 

*  The  time  for  drying  moat  of  conne  Tary  with  the  nature  of  the  climate,  and  all  that  ia  reqniaite 
to  be  oatefnl  of  on  thla  aoore  ia,  that  the  day  is  saiKciendy  plaatic  to  be  bent  without  GracUng. 
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back  of  a  htyrii  (Ety.  5),  bj  simplf  bending  them  gently  OTer  it,  and 
unoothing  the  back  of  the  tile  itself  with  hie  hand  dipt  in  water.  The 
horsei  haring  been  previonelj  well  sprinkled  with  wood  aaheB  or  brick- 
dnat,  pennits  the  tile  to  be  euil;  taken  off  it,  which  the  monlder  does 
with  both  hands  and  then  places  it  gently  on  the  gronnd  (which  ought  to 
be  well  rammed  and  flattened),  until  one  heap  of  twenty  is  finished ;  ha 
then  proceeds  to  another  heap,  and  so  on.  In  this  way,  an  experienced 
rooolder  will  moold  and  horse  SOO  per  diem.  After  lying  on  the  ground 
fire  or  six  honrs,  or  tJU  sufficiently  stiff  to  be  handled,  the  tiles  are  taken 
np  and  re-horsed  by  a  man  or  boy,  called  the  cleaner  or  wather  off. 

Cleaner  or  wather-off. — This  indiTidnsl  trims  the  edges  with  a  knife, 
clears  away  the  ashes  from  the  Interior  by  rubbing  it  lightly  over  wiUi 
grass,  and  afterwards  washes  it 
with  his  hand  well  wetted,  rub- 
bing it  OTer  till  qnit^  smooth. 
On  completing  this  process, 
he  lays  the  tile  again  on  the 
ground  where  it  is  left  for  8 
or  10  hours,  until  it  is  hand- 
hard,  that  is,  stiff  enough  to 
be  placed  carefully  on  its  nar- 
rowest edge  against  a  board  or 
wall ;  when  they  are  all  pick- 
ed np  and  disposed  of  in  this 
way,  that  is,  standing  out  at 
right  angles  to  the  wall  one 
over  another,  and  so  left  until 
quite  ready  for  burning.  In 
setting  the  kiln,  a  flooring  is 
first  made  by  a  course  of  bricks 
laid  flat  and  somewhat  open 
over  the  tops  of  the  flues,  and 
on  this  flooring  the  tiles  are 

stackedss  closely  as  they  will     ""  'T",il 1 '1 i" "" 

lie  on  edge,  course  upon  course.    When  the  kiln  is  fnll,  the  doorways*  or 
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hatches  are  bricked  up,  and  the  top  corered  with  a  course  of  old  tiles 
laid  loosely  oyer  it.  « 

Sheds, — It  is.  necessary  to  have  sheds,  as  owing  to  the  stiffness  of  the 
clay,  the  tiles,  on  exposure  to  the  wind  and  sun,  except  for  a  very  short 
time,  crack  and  get  out  of  shape  very  extensiyely.  As  the  natives  neyer 
go  to  the  expense  of  constructing  such  sheds,  they  are  obliged  to  use  a 
yery  mild  clay  to  prevent  this  loss,  so  that  it  is  no  wonder  their  tiles  are 
of  such  inferior  description. 

It  is  a  good  plan  in  order  to  gain  room  in  these  sheds  for  moulding, 
to  have  a  series  of  blocks  or  drying  shelves,  which  are  formed  with  3-inch 
planks,  placed  ^i  inches  one  above  another,  on  bricks  laid  on  edge,  and 
carried  to  any  convenient  height  above  the  floor.  The  size  of  the  shed 
and  number  of  these  blocks  will  depend  on  the  number  of  moulders  at 
work,  but  the  area  allowed  to  each  is  16  feet  long,  by  20  feet  wide,  and 
the  moulders  should  be  so  arranged  as  to  leave  a  passage  of  about  8- feet 
all  around  the  blocks,  so  as  to  have  them  easily  accessible.  The  moul- 
ders sit  either  in  the  centre  or  at  the  side  of  the  sheds,  and  the  blocks 
are  placed  all  down  the  centre  (Fig,  7.)  The  blocks  should  have  nine 
tiers  of  planking. 

Burning. — The  burning  is  effected  entirely  with  wood.  The  kiln  is 
circular,  and  of  size  sufficient  to  bum  80,000  tiles  at  a  time.  As  in  the 
case  of  bricks,  the  fires  must  be  gentle  at  first  until  the  disappearance  of 
all  white  steam ;  after  this,  they  may  be  gradually  raised  to  a  greater 
heat,  until  the  inside  of  the  flues  appear  red  hot ;  the  fire  is  then  slackened 
for  six  hours,  after  which,  it  is  again  raised  till  the  interior  of  the  flues 
has  been  brought  to  a  white  heat,  and  kept  so  for  about  three  hours. 
The  fire  is  then  again  slackened  for  six  hours,  putting  in  no  more  wood 
during  that  time.  At  the  expiration  of  the  six  hours,  the  fire  is  raised  to 
the  same  heat  as  before,  and  kept  up  about  four  hours,  when  the  flues  are 
quite  filled  with  fuel,  and  their  mouths  stopped  up  with  brick  and  mud, 
the  fires  being  allowed  to  go  gradually  out.  The  burning  generally  takes 
72  hours,  being  maintained  night  and  day.  In.  windy  weather,  the  kiln 
should  be  sheltered  as  much  as  possible  on  the  weather  side,  otherwise, 
a  large  number  of  the  tiles  on  that  side  will  be  found  underbumt :  these 
are  technically  termed  bum-avers  and  should  be  put  on  the  top  of  the 
next  kiln  to  be  fdly  burnt. 

Cost — ^To  make  a  kiln  of  80,000  pan-tiles,  the  following  labour  and 
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materials  are  required,  the  cost  of  which  will  rary  of  coarse  according 
to  the  prices  at  the  station  :— 

DiSSi^  ^^^  cIhj,*  •••        t««        •••        •••        •••        •••        •• 

Tempezing  and  remoTiDg  to  spot,  100  men,  at  2  annas, 

Moniding,  100  men,  at  4  annas, • 

Cleaning,  100  boys,  at  li  annas, 

Stacking,  15  men,  at  2  annas, 

Burning  and  watching,  18  men  at  2  annas,       ••• 

27  conntry  carts  load  of  wood,  at  8  annas,        .t.       

Total,    ...    66  15    4 

Bay  67  mpees  the  kiln,  which  will  be  about  2j[  mpees  per  1000.  The 
prices  giyen  are  exclnsiye  of  the  original  cost  of  the  kiln,  which,  once 
properly  constructed  of  brick  in  clay,  will  last  the  whole  season,  and,  with 
repairs,  for  two  or  three  years.  The  cost  of  tools  and  sheds  for  moul- 
ding and  drying  is  also  extra. 

The  loss  in  making  and  burning  depends  on  so  many  contingencies, 
yarying  with  the  season,  that  no  correct  average  can  be  giyen.  It 
should,  howeyer,  certainly  be  under  10  per  cent. 

58.  Flat  Tiles^— The  clay-getting,  weathering,  and  tempering  being 
precisely  the  same  as  for  pan-tiles,  need  no  fhrther  description. 

In  making  flat-tiles,  a  gang  of  fiye  people  is  required,  yiz.  ;— 

Moulder  (man),  1 ;  Temperer  (man),  1 ;  Clot  moulder  (woman  or  boy), 
1 ;  Bearing-off  (boy),  1 ;  Trimmer  (woman  or  boy),  1. 

TtmpertT. — It  is  this  man's  duty  to  temper  the  clay,  in  the  mode  al- 
ready described ;  after  which,  he  squares  up  apiece  of  it  into  size,  thick- 
er than  the  mould  but  smaller  in  the  sides,  a  habit  he  acquires  after  a 
little  practice.  This  is  called  a  half  pieoej  and  should  be  thick  enough 
to  make  ten  or  twelve  tiles — this  he  hands  to  the 

Clot  moulder,  who,  being  furnished  with  the  bow  formerly  described, 
takes  the  half  piece,  and  placing  it  at  one  end,  cuts  off  a  slice  which  she 
puts  on  a  pallet  board,  well  covered  over  with  fine  wood  ashes,  and  pat- 
ting it  with  her  hand,  forms  it  into  the  shape  of  a  rough  tile  called  a 
clot,  which  she  passes  to  the  moulder  standing  on  her  left. 

Mouider. — The  moulder,  with  his  mould  fixed  on  the  table  in  his  front 
{Plate  XV.,  Fig,  3),  and  well  sprinkled  with  wood  ashes  or  brick-dust, 
takes  the  clot,  and  putting  it  into  the  mould,  at  the  bottom  of  which  a  tile 
board,  also  covered  with  ashes  has  been  placed,  gives  the  clot  a  few  sharp 

*  One  cabio  yazd  of  day,  well  Umped  ud  tempered,  will  nuuce  aboal  1,000  pMi-tiles,  10|  inch 
by^ibjl. 


PLATE  XV. 


TILE-MAKIwa 


Flo.  8. 


^^ 


^<^  <c^ 


Scale.     lj/«t(  =  line*. 


T1LB8.  93 

taps  with  the  palm  of  his  hand,  then  turning  down  the  moTahle  top  D 
Fig,  4)  of  the  mould  on  to  the  clot,  he  draws  the  lever  and  weight  forci* 
bl  J  towards  him,  until  it  presses  hard  on  the  top  of  the  mould,  which  is 
effected  by  three  friction  rollers  fixed  into  the  bottom  of  the  leyer  post. 
With  his  right  foot  he  then  gives  the  treadle  T  {Fig.  8)  two  or  three 
smart  jerks,  which  tends  to  press  the  clay  well  into  all  parts  of  the  mould ; 
and  afterwards,  throws  back  the  lever  and  weight,  raises  the  top  of  the 
mould,  and  with  a  wet  strike,  of  the  same  kind  as  before  described,  cuts 
off  the  surplus  clay  ;  after  this,  he  gently  works  his  wet  hand  over  the 
top  surface  of  the  tile ;  a  pallet  board  well  covered  with  wood  ashes  being 
then  placed  on  the  top,  the  moulder,  with  one  jerk  of  the  treadle,  forces 
out  the  tile  and  board  on  which  it  rests,  ready  for  the 

Bearing-^ff  hoy,  who  stands  directly  opposite  to  him,  on  the  other  side 
of  the  moulding  table,  and  whose  duty  it  is. to  keep  the  pallet  and  tile 
boards  well  covered  with  wood  ashes,  and  to  seize  and  carry  off  the 
newly  formed  tiles,  and  place  them  on  the  blocks  to  dry.  This  he 
does  by  catching  the  pallet  and  tile  boards,  with  the  tile  between  them, 
gently  with  both  hands ;  he  then  reverses  the  boards  by  turning  them 
dexterously  over,  with  the  tile  still  between  them,  thus  bringing  the  tile 
board  uppermost,  which,  by  means  of  an  iron  eye  fixed  in  its  bottom,  he 
removes  easily  with  his  right  hand,  leaving  the  tile  resting  on  the  pallet 
bpard,  lying  on  the  palm  of  his  left  hand.  The  tile  board  he  places  on 
the  moulding  table,  ready  for  the  moulder  to  put  in  the  mould  again, 
and  then  carrier  off  the  tiles  to  the  blocks  or  in  their  absence  to  2k  flat ^  a 
piece  of  ground  duly  perpared  with  rammers  and  gobar/^  to  receive  it — 
here  it  is  left  till  hand-hardy  when  it  is  removed  by  the 

Trimmer-ojfy  whose  business  is  to  gather  up  all  these  hand-hard  tiles, 
and  place  them  in  heaps  of  ten  or  twelve.  He  then  trims  the  rough 
edges  with  a  knife,  places  them  one  at  a  time  between  two  flat  boards, 
which  he  presses  together  with  his  hands,  and  rectifying  anything  he 
finds  wrong  in  the  shape,  he  then  places  them  in  rows,  as  in  Fig.  5,  piled 
one  oi^  another,  where  they  are  left  till  quite  dry,  after  which  they  are 
carried  to  the  kiln,  and  stacked  as  shown. 

Burning. — Kilning  and  burning,  being  precisely  the  same  as  for  pan- 
tiles, need  no  description ;  only  it  maybe  observed  that  the  flat-tiles  being 
of  smaller  dimensions  (6^  X  5|  x  finches),  the  kiln  previously  described 

*  Oow-dang,  dilated  with  water. 
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will  hold  50,000  of  them';  both  kinds  of  tiles,  boWeYer,  are  generally  burnt 
together  in  the  same  kiln,  pan-tiles  at  bottom  and  flat-tiles  at  top. 

An  experienced  moulder  with  his  assistants  will  mould  500  per  diem. 

Cost, — The  cost  of  labour,  &c.,  for  50,000  flat-tiles  is  as  follows  :— 

Clay*  digging  and  remoTing,  at  1  anna  per  cubic  yard, 
Tempering,  100  men,  at  2  annas,   ... 

Monlding,  100  men,  at  4  annas,     ••#  ...  ••• 

Clot  monlding,  100  women,  ktH  anpas,     •••  ••• 

Bearing-off,  100  boys,  at  1}  annas,  •••  ••• 

Trimming,  100  boys,  at  H  annaa, ...  ...  ••• 

Stacking,  or  setting  kiln,  25  men,  at  2  annas,  ••• 

27  loads  of  firewood,  at  8  annas,    ...  •••  •••  ••• 

Burning,  18  men,  at  2  annas,        •••  •••  •••  ••• 

Total,         ...    82  18    0 

The  cost  in  this  instance,  as  in  pan-tiles,  is  exclnsiYe  of  kiln,  sheds, 
and  tools. 

It  is,  perhaps,  scarcely  necessary  to  observe  that  sheds  for  moulding 
and  drying  are  equally^  required  in  this  case,  as  for  pan-tile  making— 
these  need  no  description. 

69.  Ooodwyn's  Tile  is  a  large  and  substantial  flat-tile,  with  raised 
edges,  the  joints  between  which  are  covered  with  a  semi-cylindrical  tile, 
precisely  such  as  were  in  use  by  the  Bomans. 

Atkinson's  Tilts  are  similar  to  Goodwyn's,  and 
the  method  of  roofing  with  both  of  them  is  de- 
scribed in  Vol.  II.,  in  the  Section  on  Buildings. 

Syrian  Tiles  are  used  in  arched  roofing,  and  the  method  of  using  them 
is  described  in  the  Section  on  Masonry.  They  are  turned  on  the  pot- 
ter's wheel,  and  are  hollow  like  ordinary  flower  pots,  but  closed  at  top 
and  bottom,  and  slightly  flattened  at  the  sides  like  flat  stone  bottles. 
They  are  generally  about  9  inches  high,  with  a  larger  diameter  of  5  inches, 
the  smaller  depending  on  the  curve  of  the  roof. 

60,  Sindh  Tiles. — An  improvement  on  this  kind  of  tile,  called  the 
Sindh  TiUj  has  been  lately  introduced  by  Lieut.-Colonel  Fife,  TUB.,  and 
used  with  much  success  in  Sindh.  The  following  account  of  their  ma- 
nufacture is  taken  from  Vol.  I.,  of  the  ^Indian  Professional  Papers." 
The  mode  of  roofing  with  them  is  described  in  a  subsequent  chapter  of 
the  **  Masonry  "  Section. 

•  A  cubic  yard  of  daj  well-nunawd  and  tempered  will  nwke  3,180  flat-Ulet,  5|  x  6|  x  |  inchei. 
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Descriptum  of  the  Method  of  Making  Hollow  Hexagonal  Vouasoirs 
for  Vaulted  Roofs. — A  solid  wooden  youssoir  is  first  made  in  the  fol- 
lowing manner : — A  piece  of  wood  abont  15  inches  in  length  and  9 
inches  in  diameter,  is  shaped  into  a  tolerably  accurate  cylinder.  Its 
Fig,  1.  Vig>  2.  Fig,  3.  ends  are  then  sloped  off,  till  it  be- 
comes oblique,  as  shown  in  Fig.  1. 
Hexagons  are  then  inscribed  in 
circles  of  about  8  inches  diameter, 
at  each  end,  {Fige.  2  and  3,)  care 
being  taken,  by  previously  drawing  a  straight  line  from  top  to  bottom 

of  the  cylinder,  to  make  the  hexagons  parallel. 
From  the  sides  of  the  hexagon  at  the  bottom, 
half  an  inch  or  whateyer  may  be  required,  is  cut 
off  (  Fig,  3).  The  superfluous  wood  is  then  pared 
away,  leaving  the  solid  hexagonal  youssoir^  as 
shown  in  Figs.  4  and  5,  a  piece  of  wood  being 
inserted  at  the  broad  end  as  a  handle  :  at  the  other  (narrow)  end,  a  small 
hole,  about  1  inch  deep  is  bored  at  the  centre. 

Some  common  earthem  kundas  (cylindrical  pots)  of  the  section  shown 

in  (Fig,  6,)  are  then  made,  in  the  ordinary ,^  manner,  haying  their  tops 

Fig.  6.  sloped  at  the  same  angle  as  the  youssoir,  (but  accu- 

Baif  KiindM.        j-goy  in  this  case  is  not  necessary.)      When  the 

kundas,  are  dry,  they  are  sawn  in  two ;  after  this 
they  may  be  burnt.  They  may  also  be  made  of 
wood ;  but  the  earthen  ones  only  cost  a  few  annas 
each,  and  are  not  liable  to  warp. 
To  make  the  moulds,  clay  mixed  the  day  previous,  and  containing  rice 
bhusd,  to  prevent  cracking,  is  beaten  into  flat  cakes  witli  the  hand,  and 
placed  in  the  half  kundas,  and  well  pressed  against  the  sides  and  botfi>m 
with  the  hand.  The  two  pieces  of  kunda  are  then  bound  together  with 
a  piece  of  rope,  and  placed  upon  a  levelled  piece  of  soft  ground.  An  iron 
rod,  something  less  than  a  quarter  of  an  inch  in  diameter,  is  then  inserted 
into  a  hole  at  the  centre  of  the  bottom  of  the  kundcu  Next,  the  wooden 
youssoir,  (which  as  above  stated,  has  a  small  hole  bored  in  it  for  the  re- 
ception of  the  rod  which  working  through  the  central  hole  at  the  bottom 
keeps  the  axes  of  wooden  youssoir  and  of  kUnda  truly  coincident,  so  as 
to  insure  uniform  thickness  m  the  sides  of  the  mould  under  construction,) 
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is  forced  into  the  kunda^  pressing  the  clay  against  the  sides  and  bottom, 
and  forcing  down  the  iron  rod  into  the  soft  soil  below.  This  is  repeated 
four  or  fiye  times,  care  being  taken  to  keep  the  Youssoir  wet,  to  preyent 
it  adhering  to  the  clay  If  there  appears  to  be  too  little  clay  in  the 
kunda,  from  the  cakes  haying  been  too  thin,  more  can  be  added,  until 
the  wooden  yonssoir,  by  compressing  it,  forms  a  mould  as  acoarate  as 
itself.  The  youssoir  ought  to  be  carefully  withdrawn  from  the  mould, 
otherwise  the  mouth  will  be  spoiled. 

The  mould  ought  not  to  be  remoyed  from  the  kUnda  for  four  or  fiye 
days,  as  the  mass  of  clay  being  great,  it  is  liable  to  crack ;  it  ought, 
moreoyer,  to  be  kept  in  the  shade,  and  while  drying,  any  cracks  that  may 
appear  ought  to  be  stopped  with  moist  clay.  As  the  moulds  are  remoyed 
from  the  kundaSf  the  weight  may  be  greatly  reduced  by  taking  an  adze, 

and  paring  the  exterior  into  the  form  of 
a  hexagon,  corresponding  with  the  inside 
of  the  mould.  When  they  are  dry,  holes 
should  be  made  in  the  bottom,  to  cor- 
respond with  the  tenons  on  the  wheel 
{Fif,  7)  on  which  the  hollow  youssoirs 
are  formed.  By  doing  this  before  the 
burning,  much  labour  is  sayed,  the  dry 
clay  being  easily  cut  with  a  chisel.  The 
moulds  may  then  be  burnt.  Litter  is  the  best  fuel  for  this  purpose,  wood 
creating  too  great  a  heat,  and  causing  them  to  lose  their  shape  from  fusion. 
To  make  the  hollow  voussoira  the  clay  used  should  be  what  is  com- 
monly called  "strong earth,"  or  what  is  used  for  pottery.  It  should  be 
beaten  into  dust,  and  then  mixed  with  dry  horse-dung,  also  beaten  to  dust. 
■Water  should  then  be  added.  An  hour  or  two  afterwards,  when  the  clay  is 
completely  saturated,  it  should  be  well  mixed  with  the  hand,  sufficient 
water  being  added  to  make  it  of  the  consistency  of  paste  or  putty,  so  thai 
it  can  be  taken  up  in  the  hand  and  easily  compressed  into  any  form.  It 
should  remain  in  this  state  for  twenty-four  hoars,  after  which  it  is  fit  for 
use.  The  mould  is  filled  in  the  same  manner  as  the  kunda.  A  piece  of 
clay,  taken  from  that  before-mentioned,  is  well  worked  up  with  the  hands 
on  a  piece  of  plank,  in  the  same  way  in  which  a  natiye  makes  his  bread. 
It  is  then  beaten  out  with  the  palm  of  the  hand  into  two  flat  cakes,  which 
are  carefully  placed  against  opposite  sides  of  the  mould,  and  oyerlapping 
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each  other  a  littie.  Ihe  clay  should  then  be  well  pressed  into  all  the 
angles  of  the  mould  with  the  knnoUes.  After  this,  a  piece  of  clay,  about 
the  size  of  an  apple,  shonld  be  thrown  smartly  to  the  bottom  of  the  monld. 
If  this  is  well  done,  it  drives  the  olay  previoasly  placed  most  effectaally 
into  the  acute  angle  at  the  bottom.  The  pressure  of  the  knuckles  is  not 
BufiBfiient  there;  and,  moreorer  this  last  piece  of  olay  makes  the  circular 
wedge  or  mandrill  act  more  effectually.  The  mould  is  then  placed  on 
Fig.  8.  the  wheel,  and  a  small  chip  of  wood  (a,  Fig.  8),  an  eighth 
^ndT^nSiai^  of  an  inch  thick,  inserted  between  the  clay  and  the  lower 
W$i^e.  side  of  the  mould.  This  is  to  prevent  the  wedge  from 
mating  that  side  of  the  voussoir  too  thin.  There  is  no 
necessity  for  a  similar  precaution  for  the  other  sides.  An 
iron  rod  like  that  previously  mentioned,  is  then  passed 
through  the  bottom  of  the  mould  into  the  top  of  the  wheel. 
Kext  a  circular  wedge  or  mandrill  about  half  an  inch  less 
in  diameter  than  the  breadth  of  the  mould,  so  as  to  leave 
round  it  about  a  quarter  of  an  inch  .of  clay  for  the  thickness  of  the  voussoir, 
and  having  a  hole  bored  through  it  for  the  rod,  is  placed  in  the  mould, 
and  plenty  of  water  sprinkled  on  it.  The  wheel,  with  the  mould  on  it,  is 
then  aet  in  motion  with  the  foot,  th^  wedge  being  thoroughly  held  with 
the  hands  and  gctntly  pressed  downwards. 

If  jt  desoends  very  rapidly,  it  will  be  found  on  takjng  it  out,  that  the 
oakeeof  clay  .ax^e  too  thin;  whenever  this  appears  to  be  the  case,  more 
must  be  added  with  tjbie  hand.  If  the  wedge  does  not  descend  to  the 
bottoBD,  it  is  owing  to  there  being  too  much  .clay,  and  this  will  have  accu- 
mulated under  it.  Thip  should  be  removed^  care  .being  taken  in  doing 
BO  not  to  tear  the  sides  of  the  voussoir.  The  hand  should  be  convepi- 
entLy  placed  against  the  clay,  and  the  wheel  set  gently  in  motion.  The 
surplus  clay  is  neatly  cut  off  in  this  manner.  The  wedge  should  then 
be  again  inserted,  and  the  process  continued,  till  the  inside  of  the  voussoir 
IB  perfectly  smooth  and  free  from  :flawa.  The  wedge  should  be  slowly 
removed  from  the  mould,  the  wheel  being  kept  in  motion.  The  wedge 
ought  to  go  to  the  bottom  of  the  mould.  This  ]&  ascertained  by  looking 
at  the  indentation  made  in  the  clay  by  the  projecting  piece,  ^,  at  the  bot- 
tom, and  which  is. made  to  prevent  the  wedge  descending  too  far  and 
destroying  the  bottom  of  the  voussoir.  It  will  be  observed,  from  the 
manner  in  which  the  voussoir  has  been  made,  that  the  acute  angle  at  the 
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bottom  is  solid.  This  mnst  be  scooped  out  with  the  hand ;  dud,  at  the 
same  tim^,  the  water  which  dbllects  there  daring  the  process  aboye  des- 
cribed, should  be  removed  with  a  piece  of  cloth. 

The  next  process  is  the  closing  of  the  mouth.  The  surplus  clay  and 
chip  of  wood  are  first  removed.  A  good  piece  of  clay,  tolerably  stiff,  is 
then  rolled  between  the  hands,  until  it  is  almost  a  foot  long  and  an  inch 
in  diameter.  One  end  of  this  is  attached  to  the  mouth  of  the  Youssoir, 
and  the  wheel  being  set  gently  in  motion,  it  is  carried  all  round,  and  well 
joined  to  the  youssoir,  by  pressing  it  and  the  side  together  with  the 
thumb  and  the  fingers.  This  effected,  the  projecting  clay  is  lightly  held 
between  the  thumb  and  the  fingers,  and  the  wheel  being  kept  in  motion, 
the  mouth  is  gradually  closed.  If  there  is  not  sufficient  clay,  a  small 
cake  about  the  size  of  a  rupee  should  be  gently  placed  on  the  aperture, 
and  the  escape  of  the  air  inside  immediately  stopped  by  adding  water, 
and  joining  the  cake  to  the  clay  previously  placed.  If  this  is  not  done 
quickly,  the  mouth  will  sink. 

The  mould  containing  the  youssoir  may  then  be  placed  in  the  sun  to 
dry,  and  when  the  clay  begins  to  stiffen,  the  mouth  must  be  hammered 
flat,  a  small  hole  being  made  to  allow  the  air  to  escape.  In  three  or  four 
hours  the  youssoir  is  sufficiently  dry  for  removal  from  the  mould ;  the 
mould  being  turned  upside  down,  the  youssoir  drops  out. 

In  four  or  five  days  the  voussoirs  are  dry  enough  for  burning.  This  is 
done  in  the  same  way  as  with  common  pottery.  A  layer  of  dry  sheep's 
dung  is  first  laid  on  the  ground,  and  over  this  a  layer  of  light  litter. 
On  this  bed  two  layers  of  voussoirs  are  placed,  and  over  the  whole  is 
another  layer  of  litter^  covered  with  ashes.    The  ashes  prevent  the  flame 

from  escaping  too  soon. 

BS.    ▲•    p. 

One  coolie,*  with  two  assiBtants  to  fill  the  mould  for  him,  will, 

after  a  month's  practice,  make  70  voiusoirs  per  day.    Allowing  the 

first,  in  conflideration  of  his  skill,       •       •..  0     2    6 

And  paying  the  assistants  at  the  nsoal  rate  (Tiz.f  2  annas  each),  0     4    0 

We  have     f..  0     6   6 
for  the  cost  of  making  70,  or  say  10  annas  per  100. 

Again*  one  hata  maker,  assisted  by  two  coolies,  will  prepare  a 

batti  containing  700  vonasoirs  in  a  day.   Allowing  the  batti  maker 

for  his  work,  and  for  watching  the  batti  during  the  nighty        •••         0     5   0 

Carried  forwardi       ...  0     5   0 

•  ThMi  w«t  tht  pcton  in  IMI. 


Txus.  99 

ttS*    A«    P« 
Brought  forward,       •••  0     5    0 

Paying  the  assiataiits  at  the  nanal  rate  of  two  annas  each,    ...  0     4   0 

And  allowing  one  cart  and  a  ooolie^  8  annaa  per  day  for  two 

days  for  collecting  litter,         •• •• 10    0 

We  haye    ...    1      9    0 
for  the  ooet  of  burning  700,  or  say  4  annas  per  100.    Adding  this  to  t^e  cost  of 
making,  we  hare  14  annas  for  the  cost  of  making  and  buning  100  yonssoixs. 

61.  Flooring-tileB  are  made  like  large  flat-brickfi  from  1  to  2  inches 

thick;  and  generally  12  inches  square.  When  laid  carefhlly  in  cement  they 
make  an  excellent  floor,  more  economical  and  durable  than  the  ordinary 
terrace  work,  especially  in  a  barrack.  They  should  be  more  carefully  made 
than  common  bricks,  as  they  hare  to  stand  the  wear  and  tear  of  feet. 

62.  Ooloared  tiles  of  rarious  patterns  haVe  lately  been  much  employ* 
ed  for  floors  in  England,  and  it  is  astonishing  that  scarcely  an  attempt 
has  been  made  to  introduce  them  into  India,  where  they  would  make  an 
excellent,  cool,  and  clean  floor,  for  public  or  priyate  buildings.  Excellent 
glazed  tiles  are  made  at  Mooltan  and  Peshawur,  in  blue  and  white ;  and 
hexagonal  tiles  of  these  two  colours  look  very  well  when  laid  down  alter- 
nately. The  glase  used  is  made  from  borax.  The  colouring  matter  is 
cobalt  (lajwurd)j  for  the  Blue  colour ;  Green  is  also  produced  from  copper ; 
and  Tellow  by  employing  lead.  Patterns  cut  in  relief  in  wood  can  be 
stamped  in  the  tile  when  soft,  and  the  hollows  filled  in  with  the  colouring 
matter.  In  a  somewhat  similar  manner  the  encaustic  tiles  used  in  Eng- 
land are  produced,  and  there  seems  no  reason  that  they  should  not  be 
made  in  this  country,  either  with  or  without  a  glaze. 

The  best  known  encaustic  tiles  of  England  are  those  made  under 
patent  by  Messrs*.  Minton  and  Co.,  who  haye  oyercome  the  difficulty  of 
getting  clays  of  different  colours  to  amalgamate  in  such  a  way  as  to 
shrink  equally  during  the  processes  of  drying  and  firing.  Minton's  tiles 
are  yearly  becoming  more  appreciated,  both  on  score  of  durability  and 
ornament.  His  coloured  "tesserje"  for  Mosaic  payements  are  be- 
ginning now  to  be  used  in  India,  and  some  of  the  Bombay  public  build- 
ngs  are  floored  with  this  material. 

To  attempt  the  best  kinds  of  ornamental  glazed  tiles  would  be  out  of 
place  in  the  present  state  of  such  knowledge  in  India,  but  there  seems 
no  reason,  why  a  fair  description  of  tile,  with  pattern,  but  unglazed, 
might  not  be  produced.  : 

Such  tiles  are  made  in  England  simply  enough. 


•  • 
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A  tile  is  made  of  say,  good  red  clay,  with  a  portion  of  glass  and  crockery^ 

and  a  pattern  stamped  into  it  to  &  depth  of  abont  a  quarter  of  an  inch. 

Then  lay  on  the  stamped  snrface  a  coat  of  the  following  mixture  with 

a  brush— 

1   of  clay  I 

S  of  ground  flint  or  glass,  }- ndzed  with  water« 

i  of  dry  white  lead,  ) 

This  will  prevent  the  different  colours  from  running  into  each  other. 

NoW|  the  several  parts  of  the  pattern  may  be  filled  in  with  clays 
prepared  and  coloured  as  may  be  required^  and  when  properly  finish- 
ed in  this  way,  the  tile  is  dried  and  burned. 

The  stamp  for  such  a  pattern  is  made  from  plaster  of  Paris. 

The  general  rules  as  to  making  and  bumiug  as  given  before  for 
''  Coloured  bricks  "  are  applicable  also  to  coloured  tiles  (vide  pag€$  79 
and  80). 

Under  the  head  of  flooring  tiles,  may  be  mentioned  an  excellent  kind 
of  flooring  brick  in  use  for  stores  and  such  places ;  and  which  appears 
to  be  remarkably  well  suited  for  barrack  floors,  and  similar  purposes  in 
India.  It  is  made  from  ground  cUnkers,  vitrified  bricks,  and  such  ma- 
terials, mixed  with  a  portion  of  good  cement. 

The  clinkers,  &c.,  are  ground  to  a  rough  state  only,  and  when  well 
mixed  with  the  cement,  the  material  is  moulded  and  left  to  set^  not 
burned.* 

63.  Drain  tiles  belong  to  the  coarsest  class  of  earthenware.  They 
are  of  various  shapes,  and  are  made  in  various  ways.  Some  are  moulded 
•flat  and  afterwards  bent  round  a  wooden  core  to  the  proper  shi^e.  Others 
are  made  at  once  of  a  curved  form,  by  forcing  the  clay  through  the  mould 
by  mechanical  means.  Tile-making  machines  are  now  almost  universally 
superseding  manual  labour  in  this  manufacture,  and  many  machines  of 
various  degrees  of  merit  have  been  patented  during  the  last  few  years. 

If  intended  to  carry  off  sewage,  it  ie  essential  that  they  should  be 
glased,  so  as  to  prevent  their  absorbing  the  foul  matter. 

The  simplest  form  of  glazing  is  that  used  for  the  common  "  Delft  ware  " 
of  Holland.  In  the  Dutch  manufactories  whenever  any  of  the  tiles  are 
to  be  glazed,  they  are  varnished  after  they  are  baked ;  the  glaze  being 
put  on,  they  are  put  in  a  potter's  oven  till  the  composition  begins  to  run. 
!Pie  glaze  is  generally  made  from  what  are  called  lead  ashes,  being  lead 

•  Bridtai  of  ildB  Uiid  an  voy  liaid  aiid  h6AT7,  and  W6tt  femu kia>ly  weU  im^ 
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malted  snd  fltirred  with  a  ladl«  tiU  it  is  redneed  to  ash  w  drosfl,  wUoh 
is  then  sifted,  and  the  refdse  groimd  on  a  stoae,  and  le-siffced.  This  is 
mixed  with  ponnded  oaleined  flints.  Aglassof  numganeseis  alsosome- 
times  employedi  which  giyes  a  smoke  brown  colour.  Other  oolomred 
glaaes  are  used,  in  somewhat  the  same  maanor  as  desotibed  on  pages  79 
and  80  in  regard  to  odonred  brides*  Iroa  filings  prodnoe  blaok ;  copper 
slagi  green ;  snudt^  bine.  The  tile  being  wetted  the  composition  is  laid 
on  flrom  a  siefe. 

M.  Irrigation  Plpes«~In  the  TTpper  Prorineesi  great  improrements 
have  been  lately  effected  in  the  mannfactnre  of  earthen-ware  pipes,  which 
are  now  extensiyely  used  as  irrigation  outlets  (oMba)  on  llie  canals,  in 
place  of  the  old  wooden  tabes ;  and  the  following  account  of  their  maati- 
factnre,  near  Aligarh,  by  Captain  Jeffreys,  R.fi.,  will  be  fomid  interest- 
ing and  nsefnl.  The  tiles  so  tamed  oat  are  etrong,  dnrafale  and 
economical,  and  afanost,  if  not  qidte,  impervioas  to  moistorok  If  glased 
they  would  answer  admirably  for  sewage  or  drainage  purposes. 

Eariketman  pipe  numufacH/n  ui  Ncmm^  in  tk$  Alifforh  Dmiimj 
Oangei  Cono/.— The  moulding  machine  consists  of  a  strong  wooden 
yertical  cylinder,  5  feet  6  inches  in  length  by  20  inches  in  diameter, 
supported  on  beams  firmly  embedded  in  masonry.  It  is  constructed  of 
well  seasoned  BUham^  8  indies  in  thickness,  secured  on  the  outside  with 
four  iron  bands,  ^indi  in  thickness.  In  the  cylinder  is  a  piston  worked 
by  a  wooden  screw,  8  inches  in  diameter,  and  at  the  lower  end  is  inserted 
a  dod  or  die  of  the  following  shape. 

The  clay,  after  being  previously  prepared  and  worked  up  to  the  required 
A  ^  ^.-^     A  consi8tency,i8tlirown  into  the  cylin- 

der, and  pressed  out  of  the  dod  by 
the  action  of  the  screw.  The  clay 
as  it  escapes  is  evidently  moulded 
into  the  form  of  a  pipe. 

Below  the  die  is  a  moveable  plat- 
form balanced  by  means  of  weights 
attached  to  ropes  running  over  pul- 
leys, and  arranged  in  such  a  manner  that  the  resistance  offered  should 
just  be  overcome  by  the  descending  day.  When  the  necessary  length  of 
pipe  is  attained,  the  action  of  the  screw  is  stopped ;  the  pipe  is  cut  off 
with  a  piece  of  thin  wire,  and  removed  to  the  drying  sheds.    Being 
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reliered  from  the  presstire  of  tlie  clay,  t}i«  platform  ascends  to  its  for« 
mer  position,  and  the  operation  is  repeated.  The  cylinder  fnll  of  clay 
contains  twelye  8-inch  pipes.  In  this  manner  250  to  800  can  be  taken 
out  in  one  day. 

The  pipes  are  then  kept  from  fonr  to  fiye  days  nnder  sheds  to  dry ;  if 
exposed  to  the  snn  or  wind,  they  crack  or  lose  their  shape. 

Appended  is  a  sketch  of  the  fnmace  nsed  for  boming  the  pipes.  It 
has  six  arched  flues  radiating  from  one  centre,  enclosed  under  a  conical 
shaped  dome,  18  feet  in  diameter;  it  is  supplied  with  four  air  holes  at 
top  and  six  fire  holes  below,  as  well  as  two  doors.  The  pipes  are  stacked 
in  an  upright  position  as  closely  as  they  will  lie,  one  course  above  another, 
and  as  the  body  of  the  kiln  is  filled,  the  doorways  are  built  up  with 
kachchhd  or  refuse  bricks. 

From  continued  experiments  made  at  Nanou,  it  was  found  that  it 
required  86  to  48  hours  to  bum  the  pipes  thoroughly.  The  tiles  are 
gradually  brought  up  to  a  red  heat  and  maintained  so  for  12  hours ;  after 
which  the  kiln  is  raised  to  the  greatest  heat  possible,  that  is,  until  the 
flame  and  the  pipes  are  of  the  same  colour  and  this  is  kept  up  for  24  hours. 
The  kiln  is  then  allowed  gradually  to  cool,  the  admission  of  cold  air 
being  carefully  guarded  against.  In  the  N.-W.  Provinces  the  fuel  best 
adapted  and  most  easily  procurable  is  dry  bdlml  wood ;  but  where  coal 
can  be  obtained  at  a  moderate  cost,  it  would  no  doubt  be  preferable. 

Great  care  should  be  taken  in  the  preparation  of  the  clay,  as  any 
particles  of  stone  or  hankar  left  in  the  clay,  are  liable  to  stick  in  the 
die  and  score  the  surface  of  the  pipe.  The  most  efficient  and  least 
expensive  method  of  removing  all  foreign  particles  and  rendering  the 
clay  fit  for  use  is  the  blunging  process.  It  was  found  most  successful, 
and  gave  a  fineness  of  texture  to  the  ware  which  is  quite  unattainable 
by  pugging  or  any  other  method.    Two  sets  of  masonry  tanks,  one  raised 


2  feet  above  the  other,  were  constructed,  the  upper  communicating  with 
the  lower  by  means  of  pipes  built  into  the  masonry,  2  inches  above  the 

ft 

flooring  of  the  former. 
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The  cUy  was  then  thrown  into  the  npper  tank,  mixed  with  twice  its 
balk  of  water,  and  worked  by  means  of  a  long  wooden  spade  (termed  a 
tlunffer)  nntil  a  perfectly  smooth  pnlp  was  obtained.  The  mixtnre  was 
then  drawn  off  into  the  lower  tank,  the  smaller  particles  being  held  in 
suspension  while  the  heayier  particles  fell  to  the  bottom  and  remained  in 
the  npper  tank.  After  ten  or  tweWe  days  exposure  to  the  snn  the  clay 
was  fit  for  nse  without  any  farther  labour  being  required  upon  it. 

When  this  process  is  employed  in  damp  climates  like  that  of  England, 
the  moisture  can  only  be  driyen  out  by  artificial  means,  yis.,  heat  or 
pressure.  This  would  prove  too  expensive  except  in  the  manufacture  of 
porcelain  or  china  ware.  But  in  this  country  where  the  powerful  agency 
of  the  sun  can  be  obtained  at  all  times,  the  desired  result  is  brought  about 
by  the  simple  process  of  evaporation,  and  that  at  no  outlay  whatever. 

Cost  of  Manufacture.'^The  pipes  were  made  up  at  Nanou  in  lengths 
of  2  feet,  and  8|  and  6  inches  in  diameter ;  the  expenditure  upon  them 
was  as  follows  :— 

Manofacfcoring  7,800  pipes,  •  •  •  •       704 

Filing,  indading  cost  of  loading  and  nnloading  kilns,     #      525 

Totali  •         •    1^ 

The  out-turn  was  :— 

Vo.of  TUttb 
Ist  class  tiles,  faikAa,  .  .  8,729 

2nd  dittob  more  or  leas  ptia,  but  still  fit  for  nse,    1,282        4,981 


Broken  or  cracked, • 

Total,  •  .    7|800 

From  which  it  will  be  seen  that  the  cost  of  each  pipe  turned  out  of  the 
kiln  was  about  four  annas ;  but  it  may  be  confidently  hoped,  that  as 
experience  is  gamed|  the  cost  will  be  greatly  reduced. 

The  large  proportion  of  cracked  and  broken  pipes  was  caused  by  the 
frequent  falling  in  of  the  arches  over  the  flues,  while  the  necessity  for  re- 
building them  at  each  successive  firing  added  greatly  to  the  expense. 
This  will  be  entirely  avoided  in  the  new  form  of  kiln,  a  design  for  which  is 
appended.  Being  greatly  increased  in  height,  it  will  admit  of  increased 
depth  of  flue  and  thickness  of  arch  over  it ;  the  arches  to  the  ftimaces 
should  be  pointed,  with  a  rise  of  8  feet  6  inches  in  a  span  of  2  feet  6  inches  i 
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and  by  ouiig  fire-^lay  oaneiit  instead  of  ordinary  day,  there  will  be  little 
fear  of  the  ardies  gtmg  way  at  the  gxeatest  heat  to  whieh  the  fiunaoe 
will  be  anbjeetod. 

The  tiles  were  made  wilhont  sockets,  as  it  was  found  they  were  not  ac- 
tually required,  the  joints  being  rendered  perfectly  water-tight  by  embed- 
ding them  in  lime.  Sookets  can  be  moulded  on  the  tiles  by  hand,  before 
they  are  oompletely  dried,  and  would  proreof  use  in  keeping  the  pipes  in 
thebr  respective  places  and  preventing  them  from  Blq>ping|  bat  in  any  case 
the  lime  mnst  diiefly  be  depended  on  lor  a  perfectly  water-tight  joints 

The  great  snperiority  of  the  pipes  mannfactored  at  Nanoa  over  those 
tamed  out  of  ordinary  tile  making  machines,  consists  in  the  pressare  to 
whioh  the  day  is  subjected  daring  the  process.  When  using  firm  clay 
(not  over  moist),  it  was  found  that  the  piston  descended  one-third  of 
the  depth  of  the  cylinder  before  any  day  escaped  from  Ihe  die,  showing 
that  the  day  was  compressed  into  two-thirds  of  its  ordinary  density. 
The  united  exertions  of  8  men  were  required  to  force  the  day  out  of  the 
die,  produdng  a  pressure  on  the  clay  of  nearly  10  tons. 


CHAPTER    IV. 
LIMES,  CEMENTS,  MORTARS,  CONCRETES  AND  PLASTERS. 

65.  All  calcareous  cements  have  lime  (oxide  of  calcium)  as  their  basis 
mixed  with  yarious  other  materials  in  different  proportions.  Lime  is 
most  usually  found  combined  either  with  carbonic  acid,  in  which  state  it 
forms  a  considerable  portion  of  the  earth's  crust ;  or  with  sulphuric  acid, 
when  it  is  called  gypsum.  The  cement  formed  of  gypsum,  termed  Plas- 
ter of  Paris,  has  hitherto  been  seldom  used  in  architecture,  except  for 
ornamental  purposes,  protected  from  the  weather. 

Carbonate  of  lime  is  found  either  p]pd,  that  is,  consisting  of  436  parts 
carbonic  acid  to  564  of  lime ;  or  mixed  with  alumina,  silica,  magnesia, 
oxide  of  iron,  &c.,  in  varying  proportions.  White  chalk*  and  Carrara 
marble  are  specimens  of  the  purest  carbonate  of  lime ;  lias  lime,  kanhar^ 
and  many  other  limestones  may  be  cited  as  specimens  of  the  impure 
carbonate. 

66.  If  a  piece  of  carbonate  of  lime  be  calcined,  the  carbonic  acid  will 
be  driyen  off  in  the  process,  and  the  cohesion  of  its  particles  will  be  so 
much  lessened,  that  gjanular  limestone,  if  very  pure,  will  fall  to  powder 
in  the  kiln  wherein  it  is  burnt.  The  lime  after  calcination  becomes  quite 
white  or  light  brown,  whatever  was  its  former  colour.  In  this  state  it 
has  lost  its  affinity  for  carbonic  acid,  and  is  termed  cauatic  or  quick  lime. 

Quick  lime,  on  being  mixed  freely  with  its  equivalent  of  water,t  skikeSf 
that  is,  throws  out  great  heat,  swells,  and  assumes  the  form  of  a  fine  white 
powder.  This  is  hydrate  of  lime^  in  which  state  the  affinity  for  carbonic 
acid  is  restored ;  but  though  at  first  it  quickly  absorbs  carbonic  add  from 
the  air,  the  process  gradually  becomes  slower,  and  it  has  never  been  found 
to  have  recovered  its  full  equivalent.  Lime,  in  recombining  with  carbon- 
ic acid,  parts  with  the  water  it  combined  with  in  forming  a  hydrate. 

To  form  a  cement  with  hydrate  of  lime,  it  must  be  mixed  with  suf- 

•  All  the  coloured  chalki,  termed  gray  chalks,  which  are  the  lower  ohalki  of  the  geologlit,  po«eii 
more  or  leas  hydraallo  propertiee. 

t  TK€  equiv€UetU  of  water  is  the  amount  of  water  which,  on  mlztme^  the  lime  wiU  take  into  in- 
timate oombinatlon  with  itself.  8-66  parts  of  lime  oomUM  in  this  way  with  1*126  of  water,  which, 
therelore  is  the  minimum  qnintitj  rsquiced  for  sUUnc* 
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fident  water  to  form  a  paste  of  the  consistency  required.  After  haying 
been  applied  as  a  cement  in  this  plastic  form,  in  order  that  it  may  set  or 
recorer  its  original  hardness  when  in  the  form  of  a  carhonate,  it  would 
seem  necessary  only  to  subject  it  to  pressure,  and  in  some  cases  give  it 
access  to  the  carbonic  acid  of  the  air. 

67.  Lime  is  besides  usually  mixed  with  sand,  grayel,  or  some  such 
extraneous  matter  preyious  to  use  ;  and  the  mixture,  when  formed  into 
a  paste  with  water,  is  termed  mortar. 

The  distinction  between  the  mortars  made  of  pure,  and  those  made  of 
impure  carbonates  of  lime,  consists  in  this,  that  the  former  have  in  them- 
selres  no  property  which  can  produce  setting  without  the  presence  of  car- 
bonic acid ;  that  is,  practically,  without  exposure  to  the  air.  Mortars  made 
from  impure  carbonates,  on  the  other  hand,  contain  within  themselves  to  a 
greater  or  less  degree  this  property  of  solidifying  without  the  assistance 
of  the  atmosphere.  From  this  property,  which  enables  them  to  harden 
mder  water,  they  are  called  *<  hydrauUc  limes/'  or  "  hydraulic  cements.^' 

Ai  pure  lime  mortar  must  combine  with  carbonic  acid,  that  it  may 
harden  or  set,  and  as,  in  this  combination,  it  must  part  with  the  water 
contained  in  it,  it  follows  that  hydrate  of  pure  lime  if  kept  moist,  in  a 
state  of  paste,  will  remain  for  an  indefinite  period  without  absorption  of 
carbonic  acid,  whilst  if  exposed  to  the  dry  air  without  pressure,  a  small 
quantity  of  carbonic  acid  gas  is  gradually  absorbed  from  the  atmosphere ; 
but  the  lime  assumes  the  form  of  powdered  chalk  or  marble,  which  is 
wholly  useless  as  a  cement,  no  longer  forming  paste  with  water.  It 
follows,  therefore,  first ;— that  pure  lime  mortar  is  badly  adapted  for 
cementing  thin  walls  above  ground,  where  the  action  of  the  air  will  dry 
it,  and  reduce  it  to  a  powder  before  a  sufficient  pressure  can  be  brought 
to  bear  on  it;  and,  secondly ; — ^That  it  is  utterly  unadaptcd  for  situations 
like  the  foundations  of  a  building,  or  the  heart  of  any  heavy  masonry, 
where  it  is  protected  from  the  action  of  the  carbonic  acid  gas  from  the 
atmosphere,  and  is  frequently  exposed  to  damp,  so  that  no  solidification 
can  ensue. 

It  is  evident,  then,  that  for  all  buildings  having  any  pretensions  to 
importance,  it  is  advisable  to  use  mortar  made  from  hydraulic  lime,  and 
where  this  is  not  to  be  found  in  a  natural  state  to  try  to  produce  it  arti- 
ficially, by  mixing  with  the  carbonate  of  lime  the  ingredients  which  are 
wanting  to  give  it  hydraulic  properties. 
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68.  The  mode  of  occnrrence  in  nature  of  calcareouB  BubstanceBi  as  of 
any  other  minerals,  is  only  intelligible  through  the  principles  of  Qeology ; 
for  which  the  student  is  referred  elsewhere.  A  few  guiding  remarks  are 
all  that  it  will  be  necessary  to  give  here. 

The  varieties  of  limestone  that  are  perhaps,  most  used  in  India  for 
building  purposes,  are  calcareous  tufa^  limestone  boulders,  and  hanlcar* 
Tufa  is  formed  by  the  solution  of  limestone  by  carbonated  waters  and  its 
deposition  by  evaporation  at  the  surface.  For  this  process  a  surface 
more  or  less  decidedly  undulating  is  implied.  Whenever  this  condition 
is  met  with,  together  with  the  presence  of  a  calcareous  rook  (itself  in  most 
cases  unserviceable  as  a  source  of  lime),  tufa  may  be  confidently  sought 
f er.  These  conditions  exist  in  most  hilly  districts ;  for  it  is  the  exception 
when  any  extensive  mass  of  rocks  is  entirely  devoid  of  calcareous  matter 
in  some  shape ;  and  this  becomes  collected  and  concentrated  in  the  man« 
ner  described.  Lime  thus  obtained  is  extensively  used  in  the  districts 
bordering  the  hills  on  the  north  and  south  of  the  Gangetic  plains.  Tufa 
being  essentially  a  local  deposit,  its  extent  must  be  carefully  estimated 
before  much  reliance  can  be  placed  on  it.  This  stone  is  admirably  adapted 
for  native  use  ;  from  its  porous  texture  it  is  easily  broken,  and  easily 
burned,  and  it  yields  its  full  proportion  of  pure  white  lime,  the  qualities 
of  which,  when  moderate  care  has  been  used,  can  be  depended  upon. 

Most  of  the  torrents  from  the  Sewaliks  and  outer  Himalayan  ranges 
yield  an  annual  crop  of  limestone  boulders,  which  are  extensively  used  for 
lime,  as  they  require  no  quarrying.  The  chief  objection  to  lime  from 
such  a  source,  is  its  uncertain  quality  if  nicety  be  required.  This  difiS- 
culty  was  experienced  at  Boorkee  in  an  attempt  made  by  the  late  Captain 
£.  Fraser,  R.E.,  to  make  a  quick  setting  cement  for  rapid  repairs  in  the 
Ganges  Canal  Works.  Some  of  the  samples  of  the  lime  with  which  it 
was  proposed  to  operate  (a  boulder  lime  from  the  Sewaliks)  exhibited 
to  analysis  a  difference  of  composition  of  as  much  as  twenty  per  cent. 
The  reason  is  evident.  In  a  small  basketful  of  the  pebbles,  one  may  find 
a  dozen  different  varieties  of  stone  from  as  many  different  beds  of  the 
anciently  denuded  rocks  of  the  Himalayas. 

Kankar  is  a  variety  of  limestone  extensively  used  for  lime,  and  most 
abundantly  found  in  the  great  plains  of  India.  Colonel  Sir  P.  T.  Cautley^ 
has  noticed  the  frequent  occurrence  of  kankar  deposits  in  the  vicinity  of 
jhfU^  or  where  jhlU  may  formerly  have  existed ;  audit  has  also  been  fre- 
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qnently  observed  at  the  bottom  of  old  wells;  from  which  and  other 
reasons  it  would  appear  to  be  a  species  of  snbsoil  tufa,  formed  by  the 
deposition  of  calcareous  matter  extracted  by  the  surface  waters  in  minute 
portions  from  the  beds  of  sand  and  clay,  and  re-deposited  in  a  concentra- 
ted and  irregular  form.  Taking  this  view  of  the  case,  the  known  qualities 
of  kankar  as  a  source  of  lime  may  be  accounted  for.  These  qualities 
Tary  much,  not  only  in  different  localities,  but  eyen  in  parts  of  the  same 
deposit.  Sometimes  the  deposit  takes  place  in  a  fine  soil,  a  sub-stratum, 
that  contributes  nothing  towards  its  qualities  as  a  source  of  hydraulic 
lime ;  elsewhere,  but  exceptionally,  the  lime  is  deposited  in  a  suitable  clay 
bed,  and  a  fair  hydraulic  limestone  is  the  result.  But,  in  all  cases, 
deposition  in  the  manner  we  have  supposed  by  percolation  and  eyapora- 
tion  is  so  fickle,  that  a  constant  quality  cannot  be  depended  on.  We 
haye  neyer  seen  an  instance  in  which  the  composition  did  not  yary 
largely  in  specimens  from  the  same  locality. 

All  the  carbonates  of  lime  are  yery  nearly  insoluble  in  water.  They  al- 
ways dissolve,  either  wholly  or  in  part,  in  weak  acids,  with  a  more  or  less 
brisk  effenrescence.  They  can  be  scratched  with  an  iron  point.  The  physi- 
cal characters,  howeyer,  which  serve  to  distinguish  calcareous  minerals, 
fail  to  giye  any  certain  indications  of  the  qualities  of  the  lime  they  contain. 

69.  Lime  Analysis. — As  the  thorough  analysis  of  a  kankar  or  lime- 
stone is  an  operation  which  few  Engineers  can  perform  for  themselyes  . 
the  following  process,  which  will  giye  a  rough  approximation,  has  been 
suggested.  Pound  a  sample  in  a  mortar,  pass  it  through  a  fine  sieve  : 
put  150  grains  in  a  tumbler,  and  pour  gradually  on  it  diluted  hydro- 
chloric acid,  stirring  it  with  a  bit  of  wood  :  add  the  acid  until  effervescence 
ceases,  then  filter  it  through  blotting  paper,  and  wash  by  pouring  fully  a 
quart  of  water  through  the  filter ;  that  which  remains  is  clay  or  sand  or 
both  :  it  should  be  carefully  dried,  collected  and  weighed  ;  the  difference 
between  this  weight  and  the  150  grains  represents  Carbonate  of  lime. 
This  remainder  should  now  be  repeatedly  washed  by  decantation,  so  as 
to  get  rid  of  the  lighter  particles  of  clay^  until  sand  alone  is  left,  which 
should  be  dried  and  weighed.    If  the  150  grains  are  found  to  contain 

Carbonateof  Lime,  ••        ..        • 112  grains. 

OUy, 9      „ 

Sand, 29      „ 

the  stone  irill  furnish  a  fair  lime  for  general  purposes. 
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Another  simple  plan  wMcli  may  be  employed  is  to  weigh  a  piece  of  the 
stone  after  it  has  been  thoroughly  dried  :  then  heat  it  to  redness  in  an 
open  fire  (say  for  four  hours)  to  expel  the  carbonic  acid  :  allow  the  stone 
to  cool,  and  again  weigh  it,  the  loss  of  weight  will  show  the  amount  of 
Carbonic  Add  from  which  can  be  calculated  the  amount  of  Lime :  as  in 
every  100  parts  of  Carbonate  of  Lime,  are  56  parts  of  Lime,  and  44 
parts  of  Carbonic  Acid. 

70.  If  however  the  Engineer's  opportunities  and  appliances  allow 
of  a  thorough  analysis,  this  should  always  be  made. 

The  following  directions  have  been  drawn  up  by  Dr.  Murray  Thomson* 
and  may  be  used  for  a  Mortar  as  well  as  a  Limestone. 

1.  Selection  of  the  sample.  Care  should  be  taken  to  get  a  fair  aver* 
age  sample.  In  the  case  of  a  mortar,  a  handful  from  various  parts  of 
the  heap  should  be  taken,  and  these  thoroughly  mixed ;  about  two 
ounces  of  this  should  then  be  put  in  a  well  closed  bottle.  In  the  case 
of  a  limestone  or  kankar,  a  piece  should  be  broken  off  from  various 
parts  of  the  mass ;  or  if  it  exist  in  several  pieces,  then  parts  of  each 
should  be  taken. 

2.  Preparation  of  the  eampUfor  Analysis,  The  sample  should  now 
be  reduced  to  powder,  first  in  an  iron,  and  then  in  an  agate  mortar. 
The  powder  should  be  so  fine,  that  no  grit  whatever  can  be  perceived 
when  a  little  of  it  is  rubbed  between  the  fingers.  From  5  to  6  grammes 
of  the  sample  should  be  thus  pulverised,  and  kept  in  a  stoppered  bottle 
labelled  with  a  label  corresponding  to  that  of  the  sample. 

8.  Estimation  of  the  water.  It  will  be  sufficient  to  dry  about  one- 
and-a-half  grammes,  at  100  C.  until  it  ceases  to  lose  weight,  and  the  loss 
may  be  entered  in  the  analysis  as  "  water."  For  a  more  accurate  pro- 
cess for  estimating  water  in  a  limestone,  as  well  as  for  fuller  details  on 
the  analytical  process  generally  reference  is  made  to  '^  Quantitative 
Analysis  by  Fresenius"  fSrd  Edition,  page  653). 

4.  Estimation  of  the  siliceous  residue.  About  two  grammesf  of  the 
sample  are  put  in  a  beaker  glass,  and  covered  with  half  an  inch  of  dis- 
tilled water ;  the  beaker  is  now  inclined  to  an  angle  of  60%  and  some 

•  H.D.  FJlikB.,  ProfcHor  of  Bxperimental  Sd«iMse  at  the  Thomuoii  CItU  Bnglneerliiff  Collage, 
Boorkee,  tad  GheniloAl  Bxaminer  to  the  OoTemment,  N.  W.  Prorinoef. 

t  All  wdghti  taken  mnit  be  made  aoonntoly  with  a  balance  which  wOl  tarn  fMlly  with  l  iaUi<* 
gnmmei  wlm  thi  walM  an  loAOea  with  00  grammoi  M^ 
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pure  bydroohlorio  add  is  added.  The  inclination  of  the  beaker  ia  to 
pre?ent  loss  by  spirting  dnring  the  efferrescence.  When  the  efferreseence 
has  ceased,  a  little  more  acid  is  added,  and  the  whole  is  then  slowly 
eyaporated  to  dryness.  The  last  part  of  the  eraporation  mnst  be  done 
in  an  air  bath.  As  soon  as  the  mixtore  is  qnite  dry,  about  half  an  onnce 
more  of  distilled  water  mast  be  added  along  with  a  few  drops  of  hydro- 
chloric add,  the  mixture  made  warm  and  filtered ;  what  insoluble  matter 
remains  on  the  filter  is  now  thoroughly  washed  with  hot  distilled  water, 
the  washings  being  allowed  to  fall  into  the  first  filtrate.  The  residue 
on  the  filter  should  be  washed  until  a  drop  of  the  washings  leayes  no  re- 
sidue when  evaporated  on  a  bit  of  platinum  foil.  The  insoluble  residue 
on  filter  is  treated  as  para.  9  directs. 

5.  EsUmatum  of  the  Oxide  of  /ron,  Alvminaf  ^c.  The  acid  filtrate 
and  washings  are  now  heated  to  boiling,  and  strong  liquor  ammonia  cau- 
tiously added,  until  after  the  last  addition,  the  mixture  smells  distinctly 
of  ammonia.  A  brownish-red  precipitate  will  have  fallen  by  this  treat- 
ment ;  this  precipitate  is  now  to  be  collected  on  a  filter,  and  rapidly 
washed  with  boiling  distilled  water.  The  predpitate  on  the  filter  is  to 
be  treated  as  para.  11  directs. 

6.  EetmcUion  of  the  Lime  and  Magnuia,  The  filtrate  and  washings 
from  the  last  operation  are  now  well  mixed  and  divided  into  two  equal 
parts,  which  may  be  called  A  and  B.  In  A  the  lime,  and  in  B  the 
magnesia,  is  estimated. 

7.  Portion  A  is  now  heated  to  boiling,  and  while  in  ebullition  20 
cubic  centimetres  of  a  standard  solution  of  oxalic  acid  are  added.*  Care 
should  be  taken  that  the  mixture  is  still  alkaline  after  the  addition 
of  the  oxalic  add ;  if  necessary,  a  few  drops  more  ammonia  should  be 
added.  The  predpitate  of  calcic  oxalate  which  has  been  produced  is 
now  separated  by  filtration,  and  the  precipitate  is  washed  by  boiling 
water  8  or  4  times.  The  filtrate  is  now  wanned  to  60*  C,  2  C.C.|  of 
oil  of  vitriol  are  added,  and  a  standard  solution  of  potassic  perman- 
ganate gradually  dropped  in,  until  its  colour  remains  permanent. 

The  process  just  described  is  a  very  rapid  and  very  correct  one  for  the 

*  This  •tandard  nolntioii  of  ozalks  aoid  ia  made  by  dlaaolTiiig  ZX-i  grammes  of  ordinary  crystal- 
ised  ozalio  acid  in  a  litre  of  distilled  water.  ▲  label  ahonld  be  afDxed  to  this  aolntion,  to  the  effect 
that  each  onUo  cent,  oontains  *0315  of  a  gramme  of  ozalio  acid,  aod  coneQ)onds  to  '014  of  Lime. 

i  C.  0.  meaos  cnblo  oeatbototrei 
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estimation  of  limei  and  where  many  limestones  or  mortars  have  to  be 
analysed,  it  is  well  worth  while  to  prepare  and  keep  ready  a  small  stock 
of  the  two  standard  solutions  required.  The  preparation  of  the  per- 
manganate solution  is  described  below.*  The  process  may  be  explained 
thus  : — Enough  of  the  oxalic  acid  solution  is  added  to  precipitate  all  the 
lime,  and  leaye  an  excess  of  itself  in  the  filtrate.  The  amount  of  this 
excess  of  oxalic  acid  is  then  determined  by  the  standard  permanganate 
solution,  which  decomposes  the  oxalic  acid  in  the  presence  of  sulphuric 
acid,  and  at  a  certain  temperature  into  carbonic  acid,  thus :— • 

Potassic  '         Oxalic       Salplinric 
Permanganate.         add.  acid. 

K,  Mnj  Og  +  5  (CAOJ  +  4  (Hj  8O4)  = 

2  (Mn  SO4)  +  2  (EHSO4)  +  8  Uj  O  +  10  COi 

Manganic         Potaasic       Water,    Carbonic 

Sulphate.      ,    Sulphate.  Anhydride. 

While  this  action  is  going  on,  the  fine  purple  colour  of  the  permanganate 
disappears,  but  as  soon  as  it  is  completed,  the  colour  of  the  permangan- 
ate remains.  The  amount  of  solution  of  permanganate  used  to  produce 
this  permanent  colour  is  then  read  off,  and  eyery  10  O.G.  of  it  correspond 
to  1  C.C.  of  oxalic  acid  solution.  All  that  is  necessary  to  complete  the 
estimation  of  the  lime  is,  to  calculate  the  oxalic  acid  in  the  filtrate  from 
the  permanganate  used  :  this  oxalic  acid  is  oter  and  abore  what  was  re- 
quired to  precipitate  the  lime,  and  if  now  it  be  deducted  from  the  20  C.C. 
used,  the  remainder  has  to  be  calculated  out  as  lime,  at  the  rate  of  1  0«0« 
of  oxalic  acid  solution,  corresponding  to  '0112  of  a  gramme  of  lime. 
The  result  should  be  multiplied  by  2,  as  only  half  the  filtrate  was  used. 

The  only  trouble  about  this  process  is  the  preliminary  one  of  prepar- 
ing the  standard  solutions  of  permanganate  and  oxalic  acid,  but  once 
these  are  prepared  the  estimation  of  the  lime  is  easy  and  rapid,  and 
that  cannot  be  said  of  any  other  method  of  estimating  lime. 

8.  Portion  B  is  now  to  be  employed  for  the  estimation  of  the  mag- 
nesia :  for  that  purpose  it  is  heated  to  boiling,  and  ammonic  oxalate  is 
added  in  slight  excess.  The  mixture  is  then  allowed  to  stand  12  hours : 
at  the  end  of  this  time  the  precipitate  of  calcic  oxalate  will  have  com- 
pletely subsided.  Now  the  clear  fiuid  is  separated  by  decantation,  and 
the  precipitate  collected  on  a  filter,  and  washed  with  cold  water.    The 

*  10  grammes  of  cryitals  of  permanganate  should  be  dlasolTed  ia  a  litre  of  distilled  water. 
This  solution  ihoald  then  be  titrated  by  the  staadard  solution  of  oaUo  aoid,  so  that  10  0. 0.  of  tht 
paniagaaata  wttl  equal  1 C.  0.  of  the  aold. 
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washings  and  decanted  floid  are  now  mixed,  and  ammonia  added  until 
the  solution  smells  of  it ;  and  then  solution  of  sodic  phosphate ;  the  whole 
is  then  well  stirred.  If  the  stirring  is  kept  up  for  15  or  20  minutes, 
the  whole  of  the  magnesia  will  be  thrown  down  as  magnesic  and  am- 
monic  phosphate,  which  may  be  at  once  collected  on  a  filter  and  washed 
with  cold  water,  having  about  y^^  of  solution  of  ammonia  added. 

9.  The  insoluble  residue  obtained  by  process  in  para.  4,  is  now,  hav- 
ing been  dried,  incinerated  along  with  the  filter  and  weighed ;  a  certain 
amount  is  deducted  for  filter  ash ;  this  amount  is  ascertained  by  incinera- 
ting 10  filters,  and  dividing  the  ash  obtained  by  10.  The  weight  of  the 
residue  is  now  calculated  as  a  percentage  result,  and  entered  in  the  analy- 
sis as  residue  insoluble  in  hydrochloric  acid  or  simply  siliceous  residue.  It 
contains  any  sand,  clay,  and  organic  matter  which  may  be  in  the  sample. 

10.  In  the  case  of  a  hydraulic  limestone,  the  clay  in  this  insoluble 
residue  ought  to  be  estimated:  for  this  purpose,  it  should  be  thrown  little 
by  little  into  a  boiling  solution  of  sodic  carbonate  (best  boiled  in  a' silver 
vessel).  The  pure  silica  or  sand  will  be  thus  dissolved,  and  the  clay 
left  insoluble;  it  is  only  needful  to  ascertain  the  weight  of  the  latter 
after  thoroagh  washing,  drying  and  incineration. 

11.  The  precipitate  of  oxide  of  iron  and  alumina  obi!kined  in  para. 
5,  is  now  incinerated  and  weighed,  and  (after  deduction  for  filter  ash) 
calculated  as  a  percentage,  and  entered  in  the  analysis  as  oxide  of  iron, 
and  alumina  dissolved  by  hydrochloric  acid. 

12.  The  precipitate  of  magnesic  and  ammonic  phosphate  obtained  by 
para.  8,  is  also  dried,  incinerated  and  weighed,  and  the  amount  multiplied 
by  2,  as  only  half  the  filtrate  was  used,  (it  should  be  well  dried  before 
incineration,)  filter  ash  being  deducted.  Every  222  parts  of  the  sub- 
stance weighed  contains  80  of  magnesia,  its  composition  being  the  mag- 
nesium pyrophosphate  Mg,P,Oy. 

1 3.  Estimation  of  Carbonic  acid.  In  the  case  of  a  limestone,  it  is  not 
needful  to  estimate  the  carbonic  acid,  as  all  the  lime,  and  all  the  mag- 
nesia obtained  in  the  analysis  may  be  calculated  as  carbonates  and  entered 
in  the  analysis  as  such.  Every  56  of  lime,  and  every  40  of  magnesia  re- 
quire each  44  of  carbonic  acid.  In  the  case  of  amortar,  the  carbonic  acid 
must  be  determined  as  part  of  the  lime  exists  as  hydrate  and  part  as  car- 
bonate. About  3  grammes  of  the  finely  pounded  mortar  are  put  in  a 
amall  flask  fitted  with  a  calcic  chloride  tube,  and  a  very  small  test 
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tube :  in  the  latter  is  put  some  strong  hydrochloric  acid.  The  mortar  at 
bottom  of  flask  is  covered  with  distilled  water,  the  small  test  tube  full 
of  acid  is  lowered  in  by  means  of  a  piece  of  fine  platinum  wire,  so  as  to 
remain  upright,  and  allow  no  part  of  its  contents  to  be  spilled.  The 
calcic  chloride  tube  fitted  to  a  cork  with  a  small  draught  tube,  is  then 
adjusted  to  the  mouth  of  the  flask,  and  the  whole  is  weighed.  Then  the 
flask  is  inclined  so  as  to  overturn  the  small  test  tube  holding  the  hydro- 
chloric acid  among  the  water  and  mortar ;  (the  acid  should  be  overturned 
gradually ;)  a  brisk  effervescence  ensues  from  the  escape  of  the  carbonic 
acid ;  when  all  the  acid  has  been  spilled  over,  and  effervescence  has  quite 
ceased,  a  gentle  draught  of  air  is  drawn  through  the  apparatus  by  the 
mouth ;  the  apparatus  being  now  weighed,  it  will  weigh  less^  the  loss 
shows  the  amount  of  carbonic  acid. 

71.  The  following  is  given,  by  Sir.  C.  Pasley,  as  a  simple  practical 
mode  of  testing  a  stone  supposed  to  contain  hydraulic  lime  or  cement  :— 
The  stone  ought  to  be  bluish-gray,  brown,  or  of  some  darkish  colour,  as 
white  indicates  pure  limestone  or  gypsum.  On  being  touched  by  the 
tongue,  the  presence  of  clay  ought  to  be  quite  perceptible  to  the  taste.  It 
should  also  be  detected  by  its  smell  after  wetting.  It  should  only  partially 
dissolve  in  diluted  acid,*  leaving  a  more  copious  sediment  than  pure  lime- 
stone. This  may  be  considered  the  first  chemical  test.  Should  this 
test  be  satisfactory,  break  the  stone  into  fragments  not  exceeding  one- 
and-Brhalf  inches  thick,  and  put  a  few  of  these  into  an  ordinary  fire-place, 
(first  heating  them  gradually,  that  they  may  not  break  into  too  many  small 
pieces,)  and  keep  them  to  a  full  red  heat  for  about  three  hours.  Take  out 
one  of  the  fragments,  and  put  it  into  a  glass  of  diluted  hydrochloric  acid. 
Should  the  stone  be  just  sufficiently  calcined,  no  effervescence  will  take 
place,  and  its. original  colour  will  remain  unchanged;  any  effervescence 
showing  that  the  stone  is  not  sufficiently  burned  On  the  other  hand, 
should  the  stone  be  overburncd,  on  taking  it  out  of  the  fire,  it  will  be  of  a 
darker  colour  than  before.  Having  obtained  a  piece  properly  calcined, 
pound  it  to  an  impalpable  powder ;  being  very  careful  not  to  allow  any 
grittiness  to  remain.  Mix  this  powder  with  a  moderate  quantity  of  water, 
by  means  of  a  spatula  or  strong  knife,  on  a  slate  or  slab,  and  knead  it 
into  a  ball  between  the  hands.  It  will  soon  become  warm  ;  and,  if  it  be 
a  good  hydraulic  cement,  it  will  not  only  harden  in  the  heating,  but,  if  put 

*  Hydrochlorie  sold  is  the  but.   In  Iti  abaenoei  nitric  aQld,  or  even  vinegar,  may  be  mod,  aocon!* 
ing  to  M.  Berthier. 
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into  a  basin  of  water,  it  will  continue  hard,  and  go  on  hardening.     It  is 
better  not  to  put  it  into  water,  until  it  shall  have  begun  to  cool  a  little. 

The  proper  proportion  of  water  is  between  one-fourth  and  one-half ; 
the  addition  of  a  larger  quantity  making  a  very  thin  paste,  which  will  take 
much  longer  to  set,  although  ultimately  the  slow  setting  ball  will  become 
as  hard  as  the  others.  A  great  excess  of  water  will,  however,  destroy 
the  cement.  The  balls  should  be  allowed  to  remain  in  a  basin  of  water 
for  a  long  time,  taking  one  of  them  out  at  intervals  of  ten  days  for  a  month 
or  two,  and  noting  the  hardness  of  their  interiors.  As  a  saturated  solu- 
tion of  lime-water  wonld  be  very  soon  formed  in  the  basin,  the  water  should 
be  changed  daily,  in  order  to  ascertain  the  full  value  of  the  cement. 

78.  Limes  Classified.— For  practical  purposes,  Vicat's  division  of 
limes,  which,  although  not  absolutely,  is  still  approximately,  correct,  may 
be  well  adopted,  as  follows  :— 

1st. — Fat,  or  common  lime,  which  gains  no  consistency  under  water, 
remaining  in  a  state  of  paste  in  water  unchanged,  but  dissolving  wholly 
in  pure  water  frequently  changed. 

2nd, — Poor  lime,  which  is  a  combination  of  lime  and  sand,*  the  lime 
in  which  exhibits  the  same  phenomena,  as  if  no  sand  were  present. 

3^^. — Slightly  hydraulic  limes,  obtained  from  limestone  containing 
eight  to  twelve  per  cent,  in  all,  of  silica,  alumina,  magnesia,  iron,  and 
manganese.  These  set  in  about  twenty  days  after  immersion,  but  in  a 
year  have  not  gained  a  consistency  greater  than  hard  soap.  They 
dissolve  in  pure  water,  but  very  slowly. 

4.th. Hydraulic  limes,  from  limestones  containing  from  twelve  to 

twenty  per  cent,  of  the  above-mentioned  ingredients ;  these  set  in  from 
six  to  eight  days,  and  in  six  months  acquire  the  hardness  of  soft  stone. 

Si/i.^Eminently  hydraulic  limes,  from  limestones  containing  twenty 
to  thirty  per  cent,  of  the  same  ingredients ;  they  set  in  from  two  to  four 
days,  and  have  attained  great  hardness  in  a  single  month.  In  six  months 
they  resemble  the  absorbent  calcareous  stones  which  bear  cutting.  They 
splinter  under  a  blow,  and  present  a  slaty  fracture. 

6f^.— Hydraulic  cements,  from  stones  containing  thirty  to  fifty  per 
cent,  of  argil ;  these  set  in  a  few  minutes,  and  attain  the  hardness  of 
stone  in  the  first  month. 

•  Aliboagh  sand  U  eeeentiftUy  **  bUIca/*  stUl  siUc«  In  thii  fom  oonfwi  no  h^dnuUo  properUeff. 
To  do  10,  it  must  bo  In  oloM  oomUMtlon  with  idiuBinAi 
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73.  Hydraulic  Cements.— The  term  Hydraulic  cement  is  generally 
used  in  distinction  to  Hydraulic  lime.  The  former,  containing  a  large 
proportion  of  silica  and  alumina,  and  a  smaller  proportion  of  carbonate 
of  lime  than  the  latter,  does  not  slake,  and  sets  generally  in  a  few  minutes 
even  under  water.  Hydraulic  limes  on  the  other  hand,  slake  thoroughly 
and  harden  slowly  under  water.  Some  limestones  exist  which,  when  com- 
pletely calcined,  yield  hydraulic  lime ;  but  when  imperfectly  calcined,  yield 
cement.  Other  limestones,  such  as  chalk,  when  imperfectly  calcined,  or 
too  much  calcined,  yield  fairly  hydraulic  limes ;  while,  if  they  be  calcined 
merely  up  to  the  point  where  all  the  carbonic  acid  is  driven  off,  and  no 
further,  they  yield  a  lime  which  never  solidifies  under  water.  Other 
limestones  yield  on  calcination  a  result  which  can  neither  be  tenned 
lime  nor  cement,  owing  to  its  slaking  very  imperfectly,  and  not  retaining 
the  hardness  which  it  quickly  takes  when  first  placed  under  water. 

74.  Roman  Cement — The  natural  hydraulic  cement,  best  known  in 
England,  is  that  which  is  termed  "  Roman,"  or  "  Parker's  Cement."  The 
stone  is  found  in  the  form  of  nodules  in  the  island  of  Sheppey  and  else- 
where in  the  London  clay.  The  composition  of  these  nodules  is  almost 
the  same  as  that  of  the  Boulogne  pebbles,  from  which  a  similar  cement  is 
made.  Before  being  burnt,  the  stone  is  of  a  fine  close  grain,  of  a  rather 
pasty  appearance ;  the  surfaces  of  fractures  being  greasy  to  the  touch.  I^ 
sticks  easily  to  the  tongue ;  its  dast,  when  scraped  with  the  point  of  a 
knife,  is  a  grayish  white.  During  the  calcination,  the  stone  loses  about 
one-third  of  its  weight,  and  the  colour  becomes  of  a  brown  tinge,  dif- 
fering with  the  stones  from  which  the  cement  is  made.  It  becomes  soft 
to  the  touch,  and  leaves  upon  the  fingers  a  very  fine  dust ;  it  sticks  very 
decidedly  to  the  tongue.  When  taken  out  of  the  kiln,  it  absorbs  water 
with  much  difficulty.  It  is  usually  burnt  in  conical  kilns,  to  an  extent 
sufficient  to  drive  off  the  carbonic  acid,  and  it  is  then  pulverized  by  the 
manufacturer ;  and  sold  in  well  closed  casks.  In  Russia,  America,  India, 
and  elsewhere,  similar  natural  cements  have  been  met  with  ;♦  but,  as  they 
are  comparatively  rare  and  expensive,  much  attention  has  been  bestowed 
on  finding  or  inventing  a  substitute  for  them. 

76.  Paeley'e  Cement,  Vicat  was  the  first  to  point  out  the  method  ot 
forming  an  artificial  hydraulic  cement  by  the  mixture  of  lime  and  unbnmt 

*  Carbonate  of  maf^eBia  alone  has  been  fonnd  to  yield,  on  calcination,  on  excellent  hydranlic 
cement.  When  mixed  witli  one  and  a  half  times  its  bulk  of  sand,  it  makes  a  beaatif  ol  hard  plaster 
or  Btpooo. 
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clay ;  and  General  Pasley  afterwards,  in  a  most  elaborate  series  of  experi- 
ments, proved  that  a  hydraulic  cement  might  be  formed  eqnal  to  the  best 
obtained  from  natural  sources.  General  Pasley's  experiments  were  made 
principally  with  chalk  lime,  and  the  blue  allnyial  clay  of  the  riyer  Med- 
way,  near  Chatham.  The  result  he  arriyed  at  was,  that  a  mixture  of  4 
parts  by  weight  of  pure  chalk  perfectly  dry,  with  5-5  parts,  also  by 
weight,  of  alluvial  clay,  fresh  from  the  Medway,  or  of  10  parts  of  the 
former  with  13|  of  the  latter,  would  produce  the  strongest  artificial  ce- 
ment that  could  be  made  by  any  combination  of  these  two  ingredients. 
The  weight  of  the  blue  clay  he  found  to  be  ninety  pounds,  and  of  the  dry 
chalk  powder  forty  pounds,  per  cubic  foot. 

His  method  of  proceeding  was  as  follows  :— The  clay  was  weighed 
when  fresh  from  the  river  (taken  from  about  eighteen  inches  below  the 
surface),  and  was  never  dug  unless  required  at  once ;  it  being  found  that 
even  twenty-four  hours  exposure  to  the  atmosphere  injured  it.  The  chalk 
was  not  weighed  until  well  dried  and  pounded,  owing  to  its  extraordinary 
retentiveness  of  moisture.  The  chalk  was  then  mixed  with  water  into  a 
thick  paste.  The  chalk  and  clay  were  then  each  separately  divided  into 
portions  or  lumps  as  nearly  as  possible  equal,  and  put  alternately  into  a 
pug-mill  of  the  ordinary  description,  where  they  were  most  thoroughly  and 
intimately  mixed.  The  raw  cement  thus  formed  was  then  made  up  into 
balls  of  about  two  and  a  half  inches  in  diameter,  and  placed  in  the  kiln 
alternately  with  about  equal  layers  of  fuel — a  layer  of  fuel  always  being 
at  the  top  and  bottom.  The  fuel  used  was  coke,  in  preference  to  coal ; 
and,  in  the  small  furnace  or  kiln  used  by  Sir  C.  Pasley,  three  hours  was 
found  to  be  about  the  average  time  required  for  burning  the  cement.  As 
the  calcined  cement  was  drawn  from  the  bottom  of  the  kiln,  fresh  cement 
could  be  put  in  at  the  top.  The  balls,  on  being  raked  out,  could  be  tested 
by  applying  to  them  diluted  hydrochloric  acid.  If  sufficiently  burned,  no 
effervescence  ensued  ;  but  if  they  effervesced,  they  were  put  into  the  top 
of  the  kiln  again  to  be  rebumt.  (See  para.  1\).  The  calcined  cement 
balls,  since  they  would  not  slake  like  ordinary  lime,  were  then  ground 
to  impalpable  powder,*  and  stored  for  use,  so  that  they  should  not  be 
exposed  to  the  atmosphere.  The  average  out-turn  was  about  nine  and 
a  half  measures  of  calcined,  out  of  ten  measures  of  raw,  cement. 

■ 

*  The  method  nsaally  adopted  in  practloe  for  grinding  hydranlic  cement  is  first  to  break  the  burnt 
stones  into  small  fragments,  either  nnder  iron  cylinders  or  in  mills  suitably  formed  for  this  jmrptee 
and  then  to  grind  the  frAgments  between  a  pair  of  stones,  or  to  cmsh  them  under  an  Iron  tx^Iler. 
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Where  only  hard  limestone  is  to  be  obtained,  General  Pasley  snggests 
that  instead  of  grinding  it,  which  woald  be  often  a  difficult  and  expensive 
operation,  it  is  better  to  bum  the  limestone  and  slake  it  before  mixing 
it  with  the  clay. 

The  above  proportions  formed  the  best  artificial  cements ;  bat  be  has 
also  recorded  as  follows  :— "  After  due  investigation,  we  found  tliat  any 
given  weight  of  well  burned  chalk  lime,  and  consequently  of  any  other 
pure  quick  lime,  fresh  from  the  kilns,  combined  with  twice  its  own  weight 
of  blue  clay,  fresh  from  tlie  river,  will  form  an  excellent  water  cement  ;* 
observing,  however,  that  the  quick-lime,  after  being  weighed,  must 
be  slaked  with  excess  of  water  into  a  thinnish  paste,  and  allowed  to  re- 
main in  that  state  about  twenty-four  hours  before  it  is  mixed  with  the 

clay. 

76.  Portland  Cement. — The  best  known  of  all  English  artificial  ce- 
ments, Portland  cement,  is  formed  from  tlie  ingredients  used  by  Sir  C. 
Pasley,  but  with  different  proportions ;  eight  or  nine  parts  of  chalk  (con- 
taining about  7 1  per  cent,  of  clay)  being  mixed  with  two  parts  of  mud 
(containing  about  70  per  cent,  of  alumina  to  30  per  cent,  of  silica).  It 
takes  its  name  from  its  likeness  in  colour  to  Portland  stone,  but  is  in  no 
way  connected  with  it.  The  ingredients  are  chalk  and  the  mud  of  the 
river  Mcdway,  in  the  neighbourhood  of  which  it  is  chiefly  manufactured. 
The  ingredients  are  passed  through  a  crushing  mill  and  carried  off  by 
water  into  large  shallow  vats  (60'  X  40'  X  3').  The  sediment  that  is 
deposited  is  dried  in  an  oven,  and  burned  in  a  kiln  with  alternate  layers  of 
coke,  at  a  very  high  temperature;  until  it  is  in  a  state  of  incipient  vitrifac- 
tion.  This  excessive  burning  is  the  distinctive  feature  of  its  manufacture. 
It  is  now  crushed  between  two  iron  wheels,  ground,  and  carefully  packed 
in  three-bushel  casks.  The  ground  cement  should  be  spread  out,  and 
allowed  to  cool  for  some  days  on  a  dry  floor  before  it  is  packed,  as  this 
"  air  slaking  "  (perhaps  by  killing  any  particles  of  pure  lime  which  remain 
in  an  active  state)  is  most  beneficial  to  it.  When  this  is  not  done  the 
danger  of  the  use  of  this  cement  is,  that  it  is  apt  to  swell  in  the  joints  of 
masonry  after  being  applied ;  but  it  is  admirably  adapted  for  buildings 
exposed  to  the  action  of  water,  and  for  external  plastering,  as  it  sets  very 
fast  and  attains  great  hardness,  and  does  not  allow  of  the  formation  of 

*  ThMe  proporttom  by  wslgbt  are  nearly  equivalent  to  a  mixture  of  5  memnrcfl  chalk  powder  to 
3^  incflTOree  of  blue  day.  Since  r..'».'>  grains  of  qnick-lime  are  the  prodace  of  1000  grains  dry  chalk, 
7hich  In  a  rtatc  of  powder,  will  fill  -^  moflsartF ;  of  which  1110  grafnB  of  clay  will  fill  2}  measures. 
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vegetation,  as  the  natural  cements  do.  Portland  cement  does  not  set  so 
quickly  as  Roman  cement,  and  if  used  under  water  must  be  at  first  pro- 
tected from  currents,  natural  or  artificial :  but  it  sets  harder  under  still 
water  than  it  does  in  air,  and  stands  the  action  of  any  current  after 
haying  been  allowed  two  days  to  set.  If  kept  dry  in  casks  it  rather  im- 
proves by  age,  whereas  Roman  cement  loses  strength  considerably.  It 
has  three  times  the  strength  of  Roman  cement,  and  will  safely  bear  an 
admixture  of  3  to  4  equal  volumes  of  clean  sharp  sand.  Bait  water  is 
as  good  for  mixing  with  it  as  fresh.  Portland  cement  of  the  very  first 
quality  could  be  delivered  at  Delhi  from  London  at  Rs.  23  per  400  lb. 
cask,  or  at  Rs.  5-2-0  per  cubic  foot  of  cement. 

77.  Various  other  cements  have  been  invented,  among  which  the 
Medina  cement,  made  from  the  Hampshire  septaria,  and  Atkinson's  ce- 
ment, made  from  the  lias  limestone,  are  well  known  in  England. 

78.  Scott's  Cement. — Within  the  last  few  years,  a  very  remarkable 
cement  has  been  invented  by  Colonel  H.  D.  Y.  Scott,  Royal  Engineers. 
The  process  is  as  follows :— •  The  limestone  is  first  burned  to  quick-lime 
in  the  ordinary  way;  it  is  then  placed  in  a  layer  of  about  1|  to  2  feet 
over  the  perforated  arches  of  an  oven,  and  brought  to  a  dull  glow.  The 
fire  is  then  raked  out,  every  orifice  closed,  and  two  pots  containing  coarse 
unpurified  sulphur  are  pushed  in  on  the  fire  bars,  and  ignited  so  as  to  dis- 
tribute pretty  equally  the  fumes  of  the  sulphur ;  the  allowance  being  fif- 
teen pounds  of  sulphur  to  one  cubic  yard  of  lime.  When  it  is  all  con- 
sumed, the  oven  may  be  opened,  and  the  cement  taken  out  when  cool. 
The  fire  is  applied  for  about  four  hours,  and  the  whole  process  takes  one 
day.  It  is  then  ground  and  sifted  through  a  sieve  of  thirty  meshes  to  an 
inch,  and  spread  out  on  a  fioor  for  a  day  before  packing.  If  the  cement 
be  prepared  from  a  pure  or  feebly  hydraulic  lime,  puzzuolana  must  be 
mixed  with  it,  to  enable  it  to  resist  the  immediate  action  of  water;  one 
part,  or  rather  more,  of  puzzuolana  being  added  to  two  parts  of  cement. 
When  used  for  plaster,  it  is  mixed  with  an  equal  measure  of  ground  chalk. 

79.  Captain  Smith,  in  his  edition  of  "  Yicat  on  Mortars  and  Ce- 
ments," observes  that  the  expense  and  difiSculty  attending  the  grinding 
of  hydraulic  cement,  which  is  such  an  essential  element  of  its  succesSi 
must  very  much  preclude  it  from  use  in  situations  where  this  mechanical 
agency  is  not  readily  to  be  met  with ;  and  that,  consequently,  its  use  is 

5m  a.B.  FrofeMlonal  Faperii  New  Soriei,  Vol.  X. 
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better  adapted  for  the  vicinities  of  great  towns,  where  the  builder  may 
obtain  it  ready  ground  from  the  manufacturer,  or,  at  least,  where  he  is 
not  destitute  of  machinery  and  dependent  on  unskilled  labour.  Admit* 
ting  the  truth  of  this  argument,  instances  may  frequently  happen  where 
it  is  worth  almost  any  money  to  procure  a  fast  setting  cement.  As  in 
a  case  which  very  often  occurs  in  the  great  irrigation  works  of  India, 
where  some  repairs  have  to  be  made  in  a  canal  fall,  or  in  a  revetment 
exposed  to  the  full  force  of  the  stream,  and  where  it  is  most  prejudicial 
to  the  irrigation  to  close  the  canal  for  more  than  a  week  or  two. 

8Q.  Colonel  H.  A.  Brownlow,  R.E.,  when  in  charge  of  the  Eastern 
Jumna  Canal,  in  a  case  of  this  sort,  made  a  most  excellent  cement  from 
the  stone  lime  and  brown  alluvial  clay  procured  near  the  head  of  his 
canal,  following  the  directions  given  in  para.  75,  and  it  very  well  repaid 
the  trouble  and  expense  laid  out  on  it. 

81.  Hydraulic  cement  has  also  been  made  with  considerable  success 
in  Madras  and  at  Singapore.  Lieut.  Morgan,  on  the  Eastern  Coast  Canal, 
six  miles  north  of  Madras,  made  a  cement  of  7  measures  of  shell  lime  to 
6  measures  of  clay,  following  closely  Pasley's  rales  for  mixing  and  burn- 
ing it.  If  applied  under  water,  this  cement  hardened  in  24  hours ;  if 
applied  dry  and  water  let  on  it  in  half  an  hour,  it  hardened  in  8  or  10 
hours.  The  same  cement  mixed  with  an  equal  quantity  of  surhhi  hard- 
ened in  48  hours  under  water,  or  in  12  to  24  hours  if  allowed  half  an  hour 
before  the  water  was  let  on  it. 

The  cost  of  this  cement  was  not  more  than  4  annas  per  '^  parah  "  of 
4,000  cubic  inches. 

Captain  Man,  at  Singapore,  found  he  could  make  a  similar  hydraulic 
cement,  of  excellent  quality,  using  6  measures  of  slaked  lime  to  2  of  fresh 
blue  clay.* 

82.  The  following  rules  for  the  manufacture  of  Hydraulic  Cements 
in  India  are  those  recommended  by  Colonel  H.  A.  Brownlow,  R.E.,  Chief 
Engineer  for  Irrigation  in  the  N.  W.  P. 

The  pare  rich  lime  of  the  lower  Himalayan  ranges  would  be  the  best  substitute  for 
chalk.  FracUcally,  it  is  chalk  with  the  carbonic  acid  driven  off,  and  bj  its  nse  we 
should  save  much  wear  and  tear  in  grinding*and  mixing  it  with  the  claj.  The  harder 
lime-stones^woold  require  stone-crushers  and  extremely  hard  mill-stones  to  pulyerise 
them. 

*  Beporti  of  the  JanM  of  the  Hadraa  Exhibition  of  ISbJ,  page  177. 
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The  cky  should,  if  possible,  contain  oxides  of  iron,  in  any  proportion  up  to  15 
per  cent ;  bat  if  this  cannot  be  secured,  any  compact  greasy  clay  free  from  sand  will 
answer  onr  purpose,  although,  perhaps,  not  qnite  so  well  as  the  other.  The  propor- 
tion of  pare  lime  added  can  always  be  modified  according  to  the  chemical  composition 
of  the  clay  used. 

The  lime  and  the  clay  which  it  is  proposed  to  mix  must  be  first  thoroughly  dried 
in  the  sun,  but  the  clay  should  be  used  as  fresh  as  possible,  and  any  exposure  of 
it  to  sun  and  air,  further  than  that  absolutely  necessary  to  dry  it,  should  be  carefully 
avoided. 

The  material  must  then  be  separately  pounded,  either  by  hand  or  any  simple 
machine,  into  pieces  not  larger  than  a  pea,  and  the  pounded  materials  should  be 
screened  so  as  to  ensure  the  exclusion  of  coarse  lumps. 

The  pounded  materials  should  then  be  passed  in  certain  definite  proportions  through 
a  hopper  between  a  pair  of  ordinary  flour  mill-stones  adjusted  so  as  to  grind  them 
as  fine  as  fionr.  It  will  save  much  wear  and  tear  and  do  the  work  more  thoroughly, 
if  the  materials  are  passed  through  two  pair  of  stones  in  succession,  the  first  pair 
adjusted  to  grind  more  coarsely  than  the  second. 

The  exact  proportions  of  lime  and  clay  to  be  employed  will  depend  upon  the 
chemical  constituents  of  the  materials  used,  and  most  be  fixed  on  the  spot  General- 
ly speaking,  there  should  not  be  less  than  40,  or  more  than  60,  per  cent  by  weight  of 
pare  lime,  and  from  60  to  40  per  cent,  of  clay.  Having  been  fixed,  the  proportions 
must  be  most  carefully  adhered  to,  as  any  carelessness  in  this  matter  will  of  course 
vitiate  all  future  operations. 

The  pulverised  material  should  then  be  mixed  in  a  cylindrical  vat  with  a  graduated 
scale  on  its  side,  in  the  proportion  of  thirty  volumes  of  powder  to  ten  of  bailing 
water,  in  which  has  been  mixed  {th  volume  of  ealeined  soda  and  i  lb.  of  freshly- 
burnt  and  slaked  lime. 

From  the  vat,  remove  the 
mixture  to  a  basin  in  which  a 
couple  of  mill-stones  should 
be  made  to  revolve  on  their 
edges  round  a  verticid  shaft 
as  in  the  case  of  a  steam 
mortar  mill.  The  basin 
should  be  only  just  large 
enough  for  the  stones  to  re- 
volve in,  should  be  carefully 
and  smoothly  paved  with 
hard  stone,  and  should  be 
surrounded  by  a  rim  of  wood 
or  masonry  8  inches  to  12 
inches  high.  The  stones 
should  be  fixed  at  slightly  unequal  distances  from  the  vertical  shsft,  so  as  not  to  run 
exactly  in  each  other's  tracks,  and  at  the  outset  I  should  think  it  would  amply  suffice 
to  move  them  by  animal  power  as  shown  in  sketch.  They  could  afterwards  be  easily 
connected  with  the  water  wheel  that  drives  the  mills. 
Vtom  the  edge  runners,  the  nature  should  be  taken  to  a  png*mill|  and,  when 
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thoruuglily  pDggcd,  (bcbg  pDaBcil  tLroufli  the  pug-mill  2  or  8  times  if  neceBsary.) 
shoald  bo  cat  off  in  small  bricks,  or  lumps,  not  exccediof;  2  inches  or  2|  iachcE  in 
thickness,  as  it  comua  ont  of  it  shoot  fixed  at  bottom  of  milL 

It  maj  not  be  amiss  to  romart  here  that  too  mncb  pains  cannot  be  bestowed  on  the 
thorongb  incorporation  of  the  raw  materials,  and  in  keeping  them  clean  and  free 
from  sand  and  foreign  ingredients  dnring  the  process.  Ab  far  as  any  cbendcal  action 
is  concerned,  the  claj  remains  alcaost  inert  after  the  mixtnrc  has  attained  a  dull  red 
heat,  HO  that  it  ia  moat  important  to  bring  it  into  the  closest  contact  with  the  lime 
before  the  burning  commences.  The  presence  of  sand  tends  to  produce  vitiifactJon 
during  bmning,  and  is  moet  prejudicial  to  the  cement ;  da;  containing  more  than 
■fy  of  Band  shonld  be  rejected. 

M.  Lipowitt  objects  to  drying  in  the  air,  and  qaotes  two  esamples  where  ddng 
BO  was  fonnd  to  ba  most  injnrions  to  the  cement  Bat  the  English  manafactnren 
expose  their  raw  cement  beelj  to  the  air  in  the  reseiroirs,  where  it  sometimea  lies 
for  a  conple  of  months  before  it  is  bmned ;  and  in  one  factory,  I  saw  it  being  wheeled 
direct  from  the  drying  leeervoirH  to  the  kilns.  Bo  that,  ontil  experience  shows  ns 
Id  India  that  kllu-dried,  is  stronger  than  ami-dried,  cement,  I  shonld  recommend 
stacking  the  blocks  of  mw  cement,  aa  removed  from  the  png-mill,  in  drpng  hacks 
like  bricks. 

When  fAonmi^A^  dry,  the  blocks  of  raw  cement  shonld  be  bDmed,«lherin  clamps 

with  dried  cow'Jnng,  or  in  a  good  lime  kiln  with  thoronghly  dry  wood,  m  with 

chareoal,  as  experience  on  the  spot  may  show  to  bo  most  adrantageous.    The  proper 

degree  of  exposore  to  best  shonld  be  ascertained  and  carefnlly  adhered  to.    The 

higher  the  heat  to  nhich  it  is  exposed  the  greater  the  density  of  the  cement,  the 

greater  also  its  strength  and  its  nltimate  degree  of  indnration ;  while  the  lighter 

cements  have  the  proper^  of  setting  mme  rapidly. 

The  bnmt  cement  ihonld  then  be  pounded  until  it  can  pass  through  a  Bcreen  with 

meshes  the  siie  of  a  pea,  and  finally  be  ground  as  fine  flour 

BO  that  it  can  pass  through  a  No.  60  gange  siere  (S600 

meshes  to  a  aqoare  inch).    It  should  then  be  allowed  tu  cool 

-         thoronghly  on  a  dry  Soor  before  packing. 

1  The  cheapest  packing  for  India  would  be  in  bags  or  sacks. 

j         These  would  not  hare  any  sea  voyage  to  undergo,  and  the 

I         cement  would,  in  all  probability,  be  used  tolerably  fresh. 

^        Where  it  bad  to  be  sent  long  distances,  small  barrels  could 

I        doubtless  bo  purchased  at  advantageous  rates  from  the  near- 

I  est  commissariat  depot 

'  A  number  of  samples  should  be  made  up  of  cements 

formed  according  to  these  directions.     The  samples,  when 

burnt,  shonld  be  finely  palverised,  and,  when  cool,  shonld  be 

moulded  into  bricks  of  (he  form  shown  by  the  shaded  portion 

of  marginal  diogram.  There  should  be  at  least  a  dozen  bricks 

iiiiiki»Bs[taiA  =  i|ii>J»h      of  each  sample,  and  they  shooldbe  allowed  to  set  nnder  still 

water  for  seven  dajrs  after  they  have  been  taken  out  of  the  moulds.    The  lower  of 

the  two  iron  clips  shown  in  the  diagram  should  then  be  loaded  until  the  bricks  are  torn 

in  two,  and  if  any  of  the  sainples  prove  themselves  capable  of  supporting  an  average 

weight  of  SS5  to  SfiO  Ibh  on  the  area  H  inch  square  (or  Zj  iqnsie  inohes),  I  thl^k 
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we  may  safely  adyenton  upon  the  mannfactnre.  I  have  been  particular  in  giying 
dimenBions  of  the  sample  brick,  as  I  wish  to  adhere  as  exactly  as  possible  to  the  form 
of  test  generally  used  in  England,  It  would  be  instructive  and  interesting  to  make 
up  and  treat  in  the  same  way  bricks  of  the  best  kankar  lime. 

The  samples  mentioned  above  should  be  carefully  made  up  in  the  manner  liud 
down,  accurately  labelled,  and  tested.  The  strongest  composition  having  been  thus 
ascertained,  steady  and  persevering  efforts  at  economical  production  must  be  made. 
I  am  most  strongly  convinced  of  the  good  policy  of  beginning  in  the  simplest  manner, 
consistent  with  economy  and  efficiency.  Mistakes  can  then  be  easily  and  inexpensive- 
ly rectified.  The  site  of  the  factory  should,  from  the  very  first,  be  laid  out  with  an 
eye  to  expansion  of  business,  and  economical  working  on  a  large  scale.  There  should 
be  no  carrying  backwards  and  forwards,  the  general  arrangement  of  the  works  being 
somewhat  as  indicated  below. 


Canal 
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In  conclusion,  I  must  add  a  few  words  on  the  manipulation  of  the  manufactured 
cement,  which  are,  I  think,  necessary,  as  it  has  not  been  hitherto  extensively  used  in 
India,  and  the  best  cement  may  be  utterly  mined  by  careless  handling  on  the  works. 
In  the  firti  place,  only  juit  to  mucA  qf  it  <u  ia  required  for  immediate  u$e  should  he 
made  up  at  any  one  HmB,  aa  when  onee  it  has  commenced  to  harden  it  eannet  he 
worked  up  again  like  a  mortar  containing  rich  lime.    In  mixing  it  with  sand  or 
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gravel,  the  ingredienU  should  le  well  mixed  together  in  a  dry  etaUf  before  any  water 
ia  added.  In  adding  the  water,  onlj  ponr  in  enough  to  make  a  stiff  paste,  as  flooding 
the  cement  is  most  prejadicial  to  it  The  sand  used  shoold  be  clean  and  sharp,  and 
when  cement  is  nsed  in  brick-work  the  bricks  must  he  thoroughly  saturated  in  water 
he/ore  vsOf  otherwise  they  will  absorb  the  moisture  necessary  for  the  proper  setting 
of  the  cement.  When  used  under  water,  cement  most  until  it  has  set,  be  protected 
from  any  current. 

88.  Htdraulio  Limbs.— Hydraulic  Limes  are  of  mncli  use  for  all  the 
ordinary  conditions  of  building,  as  on  the  one  hand  where  the  building 
is  not  likely  to  be  exposed  immediately  to  the  action  of  water,  and  where 
its  action  is  not  severe;  or  where  on  the  other  hand  it  would  be  impro- 
per to  use  pure  limes,  as  explained  before.  In  the  use  of  hydraulic  limes, 
moreover,  there  is  far  less  danger  than  in  the  case  of  cements,  of  an 
unskilled  or  careless  bricklayer  spoiling  the  work. 

Natural  hydraulic  limes  vary  much  in  character,  containing  from  8  to 
30  per  cent,  of  clay.  Indeed  the  larger  proportion  of  limes  comes  into  this 
class,  especially  of  the  hard  blue  limestones ;  but  their  colour  or  hardness, 
must  not  be  taken  as  a  certain  test.  Their  properties  have  been  known 
since  the  time  of  the  Romans ;  but  Smeaton  while  experimenting  for  the 
Eddystone  Light-house,  was  the  first  to  detect  that  the  reason  of  their 
being  able  to  set  under  water  lay  in  their  containing  a  portion  of  clay. 
To  this  class  belong  most  of  the  kankars  of  this  country,  and  the  blue 
lias  lime,  so  well  known  in  England. 

84.  Where  natural  hydraulic  limestones  are  not  found,  their  place 
may  be  supplied  artificially  in  the  same  way  as  in  the  case  of  hydraulic 
cements ;  and,  as  Yicat  remarks,  these  artificial  limes  have  this  advan- 
tage, that  by  being  able  to  regulate  the  proportions  of  the  ingredients,  we 
can  give  them  whatever  degree  of  energy  we  please,  and  cause  them  at 
pleasure  to  equal  or  surpass  the  natural  hydraulic  limes.  All  writers, 
bowever,  agree  that  it  is  better  to  use  a  natural,  than  an  artificial, 
hydraulic  lime,  when  the  former  can  be  readily  procured. 

Vicat  has  divided  his  artificial  hydraulic  limes  into  two  classes ;  Ist, 
Those  made  out  of  slaked  limes  and  a  certain  proportion  of  clay,  the  mix- 
ture being  then  calcined ;  2ndly,  Those  made  from  any  very  soft  calcareous 
substance,  such  as  chalk  or  tufa,  reduced  to  a  paste  in  water  and  then 
mixed  with  clay  and  burned.  The  second  method  is  much  the  cheaper, 
but  according  to  Yicat,  not  so  good  as  the  first,  "  in  consequence  of  the 
rather  less  perfect  amalgamation  of  the  mixture.    In  fact  it  is  impossible 
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by  mere  meclianical  agency  to  reduce  calcareous  substances  to  the  same 
degree  of  fineness  as  slaked  lime."  It  appears  that  General  Pasley  did 
not  find  this  disadvantage  in  his  chalk  experiments. 

85.  The  following  is  the  way  in  which  the  first  of  these  two  processes 
has  been  carried  out  in  France.  The  lime  being  slaked  to  powder  was 
divided  into  portions  of  8*8  cubic  feet  (^  cubic  metre)  each,  and  with 
each  of  these  was  mixed  1*059  cubic  feet  (0  m.  03  cent.)  of  gray  clay 
which  had  been  dried,  reduced  to  fragments,  and  beaten  into  fine  pulp 
with  water.  The  lime  and  clay  were  together  beaten  with  pestles  into  a 
paste.  The  portions  were  then  accumulated  into  large  heaps,  which 
were  allowed  to  acquire  so  great  a  consistency  as  to  admit  of  their  being 
cut  bxto  fragments  by  a  shovel.  These  fragments  were  spread  out  to 
dry  and  then  burnt  in  the  kiln. 

86.  At  Meudon,  near  Paris,  hydraulic  lime  is  made  according  to  the 
second  method  above  given,  as  follows  : — 

The  materials  used  are  the  chalk  of  the  country  and  clay  (containing 
alumina  63,  silica  28,  oxide  of  iron  7).  The  clay  is  broken  into  lumps 
the  size  of  one's  fist.  Four  measures  of  chalk  and  one  of  clay  are  thor- 
oughly mixed  together  in  a  circular  basin  of  6^  feet  radius,  under  a  mill- 
stone set  up  edgeways,  and  a  strong  wheel  attached  to  a  set  of  harrows 
and  rakes,  which  revolve  in  it  by  a  two-horse  gin ;  the  basin  being  kept 
supplied  by  water.  After  an  hour  and  a  half  working,  nearly  85  cubic 
feet  of  a  thin  pulp  is  obtained,  and  drawn  off  by  a  conduit  and  passed 
through  a  series  of  reservoirs,  where  the  solid  material  sinks  to  the  bot- 
tom, leaving  the  water  to  be  carried  off  into  the  next  reservoir,  and' 
ultimately  drained  into  a  cesspool.  The  sediment  left  is  now  moulded 
into  solid  prisms  (about  73  cubic  inches)  and  these  prisms  are  thoroughly 
dried  and  then  burnt  in  the  Mln  in  the  usual  way. 

It  will  be  observed  that  this  process  is  very  similar  to  the  one  em- 
ployed for  making  Portland  cement  (para.  76),  and  that  the  ingredients 
used  are  the  same ;  the  essential  point  of  difference  being  that  in  the 
Meudon  hydraulic  lime  manufactory,  calcination  stops  when  all  the  car- 
bonic acid  gas  has  been  driven  off;  whereas  in  the  case  of  Portland 
cement  it  is  pushed  to  a  point  which  produces  vitrification  in  a  consider- 
able portion  of  the  Mln. 

87.  At  Kurrachee,  artificial  hydraulic  lime  has  been  very  success- 
fully made  by  Mr.  Price^  the  Superintendent  of  the  Barbour  Works. 
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Ordinary  rich  (fat)  lime  slaked  to  powder,  is  mixed  with  clay,  in  the 
proportions  of  5^  parts,  by  measure,  of  lime,  to  1  part  of  clay. 

The  rich  lime  used  has  been  generally  made  from  the  hard  crystalline 
limestone  procured  from  the  "  Gizree'*  hills,  near  Kurrachee.* 

The  clay  is  procured  in  situ  from  the  bed  of  the  Lyaree  river,  and  is 
of  the  description  that  might  be  used  for  bricks  or  coarse  pottery. 

The  mixture  of  the  lime  and  clay  is  made  in  a  mortar  pan  worked  by 
steam  power,!  a  sufficient  quantity  of  water  being  added  to  bring  it  to 
the  consistency  of  moderately  stiff  mortar.  The  amalgamation  should 
be  very  thoroughly  effected,  as  upon  this  greatly  depends  the  quality  of 
the  lime.]: 

The  mixture  is  then  made  by  hand  into  balls  of  about  the  size  of  w 
large  orange  which  are  laid  out  on  the  ground  in  the  sun  to  dry.  Whea 
thoroughly  dried,  which  takes  from  two  to  six  days  according  to  the 
weather,  the  balls  are  burned  in  a  kiln ;  or  if  the  lime  is  not  likely  to  ber 
soon  required,  they  are  stored  in  a  shed.  It  is  most  important  that  the 
balls  should  be  thoroughly  dried  before  burning. 

Some  further  details  regarding  this  Kurrachee  lime  will  be  found  in 
paras.  105  and  106. 

88.  Htdraulio  Mortars.— Along  with  hydraulic  limes  may  be  class^ 
ed  those  hydraulic  mortars  which- are  formed  from  a  mixture  of  common 
or  feeble  hydraulic  lime  with  a  natural  or  artificial  puzzuolana.§  The 
two  principal  natural  ingredients  in  Hydraulic  mortars  are  puzzuolana 
and  trass.  The  former,  a  volcanic  dust  from  the  neighbourhood  of  Mount 
Vesuvius,  in  Italy,  was  used  as  early  as  the  time  of  the  Romans,  as  we 
find  from  Yitruvius ;  it  was  not  used  in  England  until  Smeaton  employ- 
ed it  in  building  the  Eddystone  Light-house.  Trass  is  a  similar  volcanic 
product,  found  near  Andernach,  on  the  Bhine. 

89.  Aden  pumice  is  used  in  Bombay  as  a  puzzuolana,  and  gives  ex- 
cellent results,  it  is  mixed  with  equal  parts  of  Salsette  lime  and  sand, 
to  form  mortar.  Its  analysis  by  Dr.  Lyon  shows  its  constitution  to  be 
as  follows  :— 

*  Shell  lime  would  probably  be  fonnd  a  tolorable  unbetltate  where  limestone  is  not  easily  ayallable. 

t  At  the  Roiee  regolattng  bridge,  the  mistnre  was  made  by  a  stone  roller,  mnning  in  a  ciicolar 
txoagh  of  brickwork  and  worked  by  bullocks. 

t  If  the  mlxtare  is  properly  made,  the  balls  after  drying  should  show  a  uniform  gray  oolour  when 
broken,  the  white  specks  of  lime  not  being  easily  distingnishable. 

9  Vicat's  nomenclature  has  been  adopted  in  calling  all  those  ingredients  of  mortar  containing 
bamt  day,  **  aztifld«l  pnnuolanaB," 
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Water,       1-84      Water,        1-84 

Gypsnin, ^^.^g  i  Sulphate  of  Limo,           ..  36« 

I  Water  of  Combination,   ••  9*64 

Silica,         31-00 

Alnmnia,    ••        ••        ••  6*17 

Silicates,  &c,        •     5211  ^  Sesqniozide  of  lion,        ••  8*05 

Magnesia,  •«  ••  ••  0*57 
Alkaline  bases^  Water  and  loss,  12-32 
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The  chief  ingredients  of  trass  and  pnzzaolana  are  burnt  silica  and 
alumina ;  and,  in  imitation  of  them,  many  artificial  oomponnds  of  day  have 
been  formed,  and  are  largely  used*  These  are  frequently  termed ''  artifi- 
cial pnzznolanas."  The  pounded  brick,  or  surihi  of  this  country,  is  one 
of  this  class. 

Qeneral  Treussart  has  recorded  very  fully  a  series  of  experiments  made 
by  him  on  the  formation  of  artificial  puzzuolanas  from  the  calcination  of 
clay.  The  conclusions  he  arrives  at  were : — 1st,  That  the  presence  of  lime 
in  the  clay  burnt  has  a  great  influence  on  the  manufacture  of  puzzuolana. 
While  clays  containing  from  10  to  20  per  cent  of  lime  required  to  be 
heated  very  little,  and  deteriorated  in  quality,  by  being  thoroughly  oal* 
cined,  those  containing  little  or  no  lime  require  to  be  fully  calcined  to 
bring  out  their  excellent  qualities ;  2nd,  That  clays  containing  a  large 
proportion  of  sand  are  not  so  suitable  for  making  puzzuolanas  as  those 
which,  haying  more  alumina  in  their  composition,  are  greasy  to  the  touch ; 
3rd,  That  the  artificial  puzzuolana  once  made,  requires  no  further  carOi 
''for  neither  the  influence  of  the  air  nor  humidity  will  deprive  it  of  any 
of  its  properties."  This  last  is  a  very  important  fact ;  for  we  may  con- 
clude from  it  that  puzzuolanas  formed  by  pounding  bricks  may  be  made 
irrespective  of  the  antecedents  of  the  bricks ;  although  the  original  com- 
position of  the  brick  earth  affects  the  question  of  whether  overbumed  or 
underbumed  bricks  should  be  pounded  for  sQrkhu 
.  90.  One  important  fact  must  be  noticed  with  regard  to  the  use  of 
puzzuolanas ;  viz.,  that  dependence  cannot  be  placed  on  them,  or  at  least 
on  the  artificial  ones,  for  works  which  will  be  exposed  to  the  action  of  salt 
water.  Bmeaton  used  natural  puzzuolana  in  the  construction  of  the 
Eddystone  Light-house  and  found  it  to  stand  admirably ;  but  in  various 
French  sea-coast  works  at  Brest,  Cherbourg,  AlgierSi  and  elsewhere^ 
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where  artifical  pnzzuolana  was  used,  the  mortars  after  appearing  to  set 
very  satisfactorily,  and  the  fayoorable  appearance  lasting  even  for  three  or 
four  years,  hare  disintegrated  and  fallen  to  powder.  Vicat  attributes 
this  to  the  action  of  the  hydrochloride  of  magnesia  upon  the  particles  of 
mortar  which  were  not  entirely  carbonized.  These  particles,  taking  up  the 
magnesia,  and  passing  into  hydrocarbonate  of  lime  and  magnesia,  would 
crystallize  in  a  different  way  from  the  ordinary  carbonate  of  lime,  and 
this  would  doubtless  lead  to  the  disintegration  of  the  whole  mass. 

Whether  or  not  this  is  the  right  solution  of  the  question,  there  is  no 
doubt  about  the  fact ;  and  the  practical  deduction  to  be  drawn  from  it  is, 
never  to  employ  artificidl  puzzuolanas  for  any  works  of  importance  where 
water  charged  with  salts  is  likely  to  affect  them. 

91.  Where  clay  is  to  be  burned  expressly  for  puzzuolana,  it  should 
be  done  by  making  it  into  balls  about  the  size  of  an  apple,  drying  them, 
and  burning  them  in  an  ordinary  lime  kiln ;  or  the  clay  may  be  pulver- 
ized and  strewed  in  a  thin  layer  over  a  plate  of  iron  heated  to  a  point 
between  cherry  red  and  forging  heat. 

It  is  only  by  experiment  that  it  can  be  determined  what  bricks  make 
the  best  surkhi  or  puzzuolana ;  for,  as  has  been  shown,  an  underbumt 
or  pUA  brick  furnishes  the  best  if  it  contain  a  certain  proportion  of 
lime,  while  the  Ibrick  should  be  thoroughly  burnt  or  pdkkd  if  it  con- 
tains no  lime.  To  determine  the  presence  of  lime,  take  a  little  of  the 
brick-dust,  put  it  in  a  glass,  and  pour  over  it  a  little  diluted  hydrochloric 
acid,  or  even  strong  vinegar ;  effervescence  ensuing  will  show  that  lime 
is  present ;  and  the  quality  may  be  determined  as  explained  in  para.  71. 
Another  test  of  the  best  aurkhi  is  by  making  three  small  balls  of  mortar; 
using  in  each  case  the  same  proportions  of  lime  and  surkhi ;  but  the 
latter  ingredient  being  made  from  bricks  underbumt,  burnt,  and  overbumt, 
respectively,  from  the  kiln  from  which  it  is  proposed  to  obtain  the  supply. 
The  three  balls  may  then  be  put  into  vessels  of  water,  and  in  a  few  days 
examined,  and  that  surkhi  which  has  produced  the  hardest  mortar  pre- 
ferred. In  a  country  like  this,  however,  where  bricks  are  often  made  so 
carelessly,  and  out  of  such  very  indifferent  clay,  special  care  should  be 
taken  to  procure  bricks  for  making  puzzuolana  which  really  are  clay,  and 
do  not  contain  a  large  proportion  of  sand. 

Having  then  obtained  good  properly  burnt  brick-earth,  in  the  form  of 
bricks  or  otherwisoi  nothing  remains  but  to  grind  it  down  into  impalpable 
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powder;  this  is  absolately  indispeiiBable  to  effect  the  intimate  uuioa 
which  is  necessary  between  the  lime  and  pnzznolana  to  enable  them  to 
set  under  water,  and  too  mnch  labour  em  hardly  be  spent  on  it. 

92.  Regarding  the  combinations  of  lime  and  clay,  M.  Courtois  states^ 
— "  If  crude  clay  be  mixed  with  various  proportions  of  lime,  pastes  are 
formed  which  have  more  consistence  than  clay  alone ;  this  paste  put  un- 
der water  acquires  at  the  end  of  three  days  a  certain  hardness  which  it 
preserves  afterwards  indefinitely ;  it  attains  its  maximum  of  consistence 
when  1  part  of  lime  is  mixed  with  9  parts  of  clay ;  this  paste  after  three 
days  resists  the  pressure  of  the  thumb.  When  a  mixture  of  lime  and 
clay  exposed  for  some  days  to  the  air,  has  lost  a  part  of  its  water,  with-* 
out  having  been  dried  too  rapidly,  it  may  be  afterwards  immersed  without 
sustaining  any  alteration,  provided  the  volume  of  lime  be  not  greater 
than  one- third  that  of  the  clay ;  the  proportion  of  lime  might  be  less 
but  should  not  be  greater.  A  mortar  of  this  sort  might  be  used  in  the 
construction  of  cisterns,  reservoirs,  and  other  works,  where  an  insoluble 
rather  than  a  strong  mortar  is  needed.  The  quality  of  augmenting  the 
resistance  of  lime  which  crude  clay  possesses,  appears  to  have  been  known 
for  a  long  time  in  Ohampagne,  where  all  the  wooden  houses  are  covered 
exteriorly  with  a  plaster  composed  of  lime  and  a  white  argillaceous  and 
calcareous  earth.  The  floors  are  also  madQ  with  a  plaster  of  the  same 
nature,  and  when  not  dried  too  rapidly  they  resist  perfectiy.  Thia 
species  ot  puddling  would  be  well  worthy  of  trial  in  some  districts  where 
the  material  is  plentiful. 

98.  Strength  of  Mortarsn — Mortars  may  be  tested  with  a  view  to 
discover  their  hardness,  their  resistance  to  crushing,  their  adhesiveness 
to  bricks,  their  internal  tenacity  or  cohesion,  the  time  they  require  to 
harden,  and  the  amount  of  sand  which  may  be  safely  and  economically 
used  in  their  composition. 

The  force  with  which  mortars  in  general  adhere  to  other  materials, 
depends  on  the  nature  of  the  material,  its  texture,  and  the  state  of  the 
surface  to  which  the  mortar  is  applied.  Mortar  adheres  most  strongly  to 
bricks  :  and  more  feebly  to  wood  than  to  any  other  material.  Among^ 
stones  its  adhesion  to  limestone  is  generally  greatest :  and  to  basalts  and 
sandstones  least.  Among  stones  of  the  same  class,  it  adheres  generally 
better  to  the  porous  and  coarse-grained,  than  to  the  compact  and  fine 
grained.    Among  surfaces  it  adheres  more  strongly  to  the  rough  than  io 
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the  smootlL  The  adhesion  of  common  mortars  to  brick  and  stone  for 
the  first  few  years,  is  greater  than  the  cohesion  of  its  own  particles. 
With  hjdraulio  cements  the  reverse  is  the  case ;  they  appear  also  to 
adhere  to  polished  surfaces  as  well  as  to  rough  ones.  Bondelet  estimated 
15  to  30  fts.  per  square  inch,  as  the  force  acting  perpendicular  to  the  plane 
of  the  joint  required  to  tear  asunder  stones  connected  with  common  mortar 
after  six  months  union,  and  only  5  lbs.  per  square  inch  as  the  detrurive 
force  required  to  separate  the  same  surfaces  acting  parallel  to  the  joint. 

Pasley  considered  that  the  adhesive  force  of  hydraulic  cement  to 
stone  might  be  taken  as  high  as  125  fibs,  per  square  inch,  when  the  joint 
was  thoroughly  hardened.  But  as  the  exterior  part  may  often  harden 
long  before  the  interior,  he  thought  in  questions  of  doubt  on  the 
subject  from  80  to  40  fibs,  per  square  inch,  was  as  much  as  should  be 
calculated  on. 

94.  To  ascertain  the  strength  of  mortars  Treussart  used  the  follow- 
ing process :— Two  pendant  iron  stirrups,  4«watei/i>r  stmMiv  Monaru 
tbf  were  attached  to  a  horizontal  beam,/, 
parallel  to  each  other,  and  distant  4  inches 
in  the  dear,  the  lower  parts  being  exactly 
level.  On  these  stirrups  a  prism  of  mor- 
tar, a,  was  placed,  passing  it  through  a 
loosely  fitting  rectangular  collar  of  iron,  c, 
terminated  below  by  a  hook.  To  this 
hook  was  suspended  a  common  scale  pan, 
gj  by  means  of  ropes  and  an  iron  link,  d. 
The  upper  horizontal  bar  of  the  collar 
which  pressed  on  the  mortar  had  its  trans- 
verse section  of  the  form  of  a  rounded 
wedge ;  and  being  brought  against  a  check, 
tf,  it  pressed  exactly  on  the  middle  of  the 
prism.  The  scale  pan  was  then  loaded 
with  successive  weights,  until  the  prism 
broke. 

The  prisms  of  mortar  were  made  by 
mixing   the   ingredients   well  together, 
adding  the  water  till  the  consistency  was  like  honey,  and  passing  the 
mortar  seven  or  eight  times  under  the  trowel. 
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The  mortar  was  then  put  iato  wooden  boxes  exactly  6x8x8  inches, 
and  left  in  the  air  12  hours.  They  were  then  placed  in  a  large  tab  of 
water  in  a  cellar,  and  there  left  till  the  thumb  could  make  no  impression 
on  them.  Noting  from  time  to  time  the  degrees  of  hardness  of  each 
kind.  At  the  end  of  a  year  they  were  withdrawn,  and  scraped  down  on 
their  four  faces  till  they  measured  6x2  inches  square.  This  was  done 
to  preyent  any  error  arising  from  the  surface  of  the  mortar  being 
harder  than  the  interior.  When  the  mortar  experimented  on  was  not 
hydraulic  it  was  not  immersed  in  water,  but  merely  left  to  harden  in  a 
cellar. 

The  trial  of  mortar,  by  crushing  prisms  under  a  weighty  is  not  a  very 
sure  one ;  as  it  is  difficult  to  judge  the  moment  when  they  begin  to 
yield,  the  angles  occasionally  breaking  off  before  the  middle ;  and  it  is 
not  clearly  seen  when  the  substance  under  trial  has  really  yielded  to  the 
load.    A  preferable  mode  is  that  explained  in  para.  82. 

90«  Sir  OharlcQ  Paeley  madp  some  experiments  in  the  same  way  as 
Treussart  had  done,  but  put  more  stress  on  the  relatire  adhesiveness 
of  various  mortars  to  bricks  and  different  sorts  of  stones,  than  on  their 
resistance  to  transverse  strain.  To  determine  this  adhesiveness,  he  first 
built  a  series  of  horizontal  brick  beams  out  from  the  face  of  a  wall, 
each  day  adding  one  brick  till  the  beamsbroke.  -The  brick  to  be  added 
was  immersed  for  about  half  a  minute  in  water,  the  face  of  the  last  brick 
being  wetted  at  the  same  time ;  a  thin  coat  of  mortar  was  then  applied 
to  the  last  brick,  and  a  thicker  one  to  the  new  brick.  The  two  were  then 
joined,  and  a  man  held  the  last  bric^  pressed  .agaipst  the  other  for  from 
five  to  ten  minutes  till  it  adhered  of  itself.  In  this  way  with  his  cement 
of  4  parts  chalk  to  5  of  clay,  he  made  a  beam  of  81  bricks,  or  6  feet 
11^  inches  long,  weighing  189  tt>s.,  which  broke  sixteen  hours  after  the 
last  brick  had  been  placed. 

Not  altogether  satisfied  with  this  experiment,  Pasley  tried  another 
system.  He  cut  mortises  about  |-inch  deep  in  the  sides  of  a  number 
of  bricks,  and  fitted  into  them  pairs  of  iron  nippers.  The  bricks  were 
then  cemented  together  in  pairs  by  their  flat  surfaces  (9  X  4^  inches). 
The  upper  nipper  was  connected  by  an  iron  rod  to  the  top  of  a  gin,  and 
the  lower  to  a  scale  board,  on  which  were  piled  weights  until  the  joint 
broke.  This  affords  an  excellent  test  of  the  adhesion  of  the  mortar  to 
the  brick,  and  of  its  own  cohesion  to  itself. 
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Colonel  Totten,  United  States  Engineers,  tested  the  tenacity  of  some 
mortars  in  a  similar  way,  by  joining  bricks  crossed  at  right  angles, 
tbe  surface  of  contact  being  16  sqnare  inches.  By  this  means  he 
was  able  to  fix  round  the  projecting  ends  iron  stirrups  to  which 
the  weights  were  hung,  without  requiring  to  cut  holes  in  the  sides  of  the 
bricks. 

96.  The  following  table  (Table  I.)  shows  Colonel  Baucourt  de 
Charleville's  estimate  of  the  resistance  to  rupture  of  limes  of  different 
quality,  and  of  various  stones. 

TABLE    L 


I)eioription  of  Ume  or  itone  experimented  on. 


OomparatlTe  xeiiiUiioe. 


Eminently  hydraulic  mortars  of  qnartzoae  sand,  • 

Hydranlic  mortarB,       • 

Feebly  hydnmHc  mortars,    ....... 

Bad  ordinary  mortar  of  common  lime  and  qnartaoae  sand,  snch 
asmasonanse, 

Soft  gypsnm  and  freestone, . 

Layas  and  tafaSy 

Soft  limestone, •       •       • 

Brick  of  good  qualify, •       •       • 

Hard  limestone,    • 

Granite, 

Basalt, .       • 

Quarts  rock,        •       •      • 


11  to  6 
6„  4 
4«    2 

Scarcely  aboTe  1 
Ito  6 
6„10 
10„20 

12 
20  to  40 
40  „60 
50  „  70 
70„80 


97.  Tables  II.  and  IIL  go  to  prove  the  fallacy  of  a  theory  believed 
among  builders  from  the  time  of  Yitruvius  downwards,  and  probably 
fairly  confuted  for  the  first  time  by  Colonel  Scott,  B.E.,  viz.,  that  a 
certain  amount  of  sand  positively  increases  the  strength  and  adhesion 
of  mortars.  Its  beneficial  action  being  assumed,  various  fanciful  the 
ones  have  been  put  forward  in  explanation  of  it ;  the  most  generally 
received  being  that  the  particles  of  the  lime  shrink  in  setting,  and  unless 
Band  be  mixed  with  it,  cavities  are  left  all  through  the  mortar.  Scarcely 
any  two  authors,  however,  have  agreed  in  determining  how  much  sand 
fihould  be  used  to  form  the  best  mortar^  or  as  to  the  extent  to  which 
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the  proportion  of  sand  should  be  varied  according  as  the  mortar  is  hydrau- 
lic or  not.  The  lime  in  mortar  does  no  doubt  shrink  if  dried  rapidly ;  so 
in  that  plastering  the  surface  of  a  wall  where  freedom  of  shrinkage  is  of 
more  consequence  than  hardness  or  adhesion,  and  where  (especially  in  a 
country  like  India)  the  mortar  dries  very  rapidly,  it  is  beneficial  as 
well  as  economical  to  mix  sand  with  the  lime.  But,  in  anything  but 
the  Tory  thinnest  masonry,  cracks  from  drying  too  fast  are  not  to  be 
apprehended ;  and  Tables  IL  and  III.  show  indisputably  how  much 
mortars  made  both  from  cements  and  limes  lose  in  strength  as  sand 
is  added. 

The  prisms  in  Table  II.  were  8  inches  between  the  points  of  support 
and  2  inches  square  in  section ;  except  the  Boorkee  cements,  which  were 
4  inches  in  bearing,  2  and  2^  inches  square  in  section.  None  of  them 
had  been  immersed  in  water.  They  were  loaded  at  their  centres.  The 
Boorkee  cements  were  made  precisely  according  to  Pasley's  directions, 
with  one  part  of  fat  lime  made  of  Ganges  boulders,  and  2  parts  of  hard 
blue  Hurdwar  clay. 

'  The  prisms  of  mortar  in  Table  II.*  set  in  water,  or  were  left  in  a  damp 
cellar  for  a  year,  while  Colonel  Totten's  were  subjected  to  a  pressure  of 
600  fibs,  at  the  time  of  formation,  which  probably  squeezed  all  the  super* 
fluous  moisture  out  of  them. 

The  prisms  of  both  were  2  inches  square  in  section ;  Tr^ussart's  8 
inches,  and  Totten's  4  inches,  between  the  points  of  support.  The 
Smithfield  lime  used  by  Totten,  and  the  Strasburg  limes,  are  botih  pure 
fat  limes. 

98.  The  next  Table  is  from  Vicat'sf  work,  and  shows  the  necessity 
of  keeping  hydraulic  mortars  moist  until  setting  has  taken  place.  It 
will  be  observed  that  the  injury  is  greater  in  proportion  as  the  lime  used 

■ 

is  more  hydraulic;  so  much  so  that  Vicat  estimates,  that  an  eminently 
hydraulic  lime  may  lose  by  too  rapid  drying,  as  much  as  f  ths  of  the 
(Strength  it  would  acquire  if  allowed  to  dry  slowly.  He  therefore  recom- 
mends that  all  masonry  built  in  hot  weather  should  be  kept  watered  till 
ihe  mortar  has  set,  and  Baucourt  de  Charleville  suggests  the  use  of  wet 
straw  mats  to  be  laid  over  the  work.  The  importance  of  attending  to 
i!his  point  in  India  need  hardly  be  alluded  to. 

t  Tioit,TiriMtolzn.|  Chapter  ZX« 
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TABLE  IV. 
MOBTABS  compared  in  regard  to  the  influence  of  defecation. 


FiDportloBB 


Lime  tUkedby  Jtemenloii  and 
mmnroil  ^"  peito 


AtMohite  ndftiaoe  of  ib% 

mortan  wbm  SS  monthi 

old,  p«  iqnan  inch 


ObMrfatlooi 


Hydranlie  lime»  190 

Feebly  hydranlie  lime^  180 
Gommon  rich  lime,       180 


150 

lbs. 
92-28 

165-68 

160 

4412 

7878 

150 

45*65 

51*24 

Each  of  these  re- 
anltB  is  the  mean 
of  a  nomber  of 
expeiimenbi 


99.  Lime  Borniog^-Lime  kilns  may  be  divided  into  two  classe^^ 
j^sty  the  irOermittent  kilnSf  or  those  in  which  the  fuel  is  all  at  the  bottom, 
and  the  limestone  bnilt  np  oyer  it ;  and  2nd,  the  running  or  perpetual  kilns 
in  which  the  fdel  and  limestone  are  bnilt  in  a  similar  way  to  that  in  which 
bricks  are  burned  in  a  clamp  or  pazawa,  in  alternate  layers.  In  the 
former,  one  charge  of  lime  is  bnmed  at  a  time ;  and  when  the  bnming  is 
complete,  the  kiln  is  completely  cleared  ont  previons  to  bnming  a  second ; 
while  in  the  latter,  fresh  strata  may  be  constantly  added  at  the  top  as  the 
calcined  lime  is  withdrawn  from  the  bottom.  In  the  intermittent  kiln,  the 
limestone  charge  rests  npon  arches  of  the  same  material,  mdely  constmct* 
ed  of  large  pieces  laid  dry.  A  small  fire  is  lighted  below  these  arches,  and 
qnite  at  the  back ;  this  is  gradually  increased  towards  the  month  as  the 
draught  increases.  The  opening  is  then  regulated  to  secure  the  proper 
degree  of  combustion,  new  fuel  is  added  to  keep  it  to  that  point,  while  tho 
air  which  enters  by  the  fire  door,  carries  the  flame  to  all  parts  of  the  arch, 
and  gradually  brings  the  whole  to  a  state  of  incandescence.  Care  must 
be  taken  in  forming  the  arches,  that  the  stones  of  which  they  are  form- 
ed are  not  such  as  will  crack  and  burst  with  the  application  of  heat ;  as 
they  might  cause  the  arch  to  give  way,  and  the  charge  to  fall  in.  The 
perpetual  iUn  is  the  more  econbmicid  of  the  two  in  fuel,  but  at  the  same 
time  is  more  dilBouIt  to  manage.    A  mete  chat^ge  ih  the  direetion  or  Inten* 
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Bity  of  the  windy  a  falling  in  of  the  inner  parte  of  the  charge,  an  irregnla- 
rity  in  the  size  of  the  lamps  of  limestone  used,  may  all  be  sufficient  to 
alter  the  force  of  the  dranght,  and  to  canse  an  excess  or  deficiency  of 
calcination.  A  change  in  the  quality  of  the  fuel  used  will  also  eyidently 
alter  the  time  of  burning ;  and  sometimes  a  kiln  of  this  description,  after 
working  for  sometime  yery  well,  suddenly  becomes  out  of  order  without 
any  apparent  reason.  So  that  the  management  of  such  a  kiln  must  be  an 
affair  of  experience  and  caution  alone ;  but  notwithstanding  the  precau- 
tions required,  the  perpetual  kiln  is  one  quite  as  largely  used  as  the  other. 

100.  The  fuel  used  for  kilns  must  of  course  depend  very  much  on  the 
produote  of  the  country  or  district  in  which  they  stand.  In  Britain,  coal 
and  coke  are  the  only  two  fuels  ever  used.  If  any  use  can  be  made  of 
the  distillation  of  the  coal,  there  is  then  an  evident  advantage  in  using 
coke ;  for  the  gases  which  the  latter  gives  off  arrive  at  once  at  their  high- 
est degree  of  temperature,  while  this  temperature  is  only  arrived  at  with 
the  former,  at  the  end  of  its  combustion,  when  in  fact  the  coal  is  coked 
in  the  kiln.  The  quantity  of  smoke  that  escapes  from  the  kiln,  while  the 
coal  is  being  burned,  may  be  taken  as  an  indication  of  the  combustible 
wasted.  A  kiln  in  which  coke  is  the  fuel,  will  yield  nearly  one-third 
more  calcined  lime  in  a  given  time  than  one  in  which  coal  is  used. 

In  many  countries  wood  (which  is  not  well  adapted  for  perpetual  kilna) 
is  the  only  fuel.  In  India,  wood,  dried  palm  leaves,  charcoal,  and  dried 
cow-dung,  are  the  ordinary  fuels.  The  varieties  of  wood  of  course  vary 
with  the  resources  of  the  locality. 

101.  The  shapes  given  to  the  interiors  of  kilns  are  very  different. 
The  object  sought  is  to  obtain  the  greatest  uniform  heat  possible  with  the 
smallest  expenditure  of  fuel,  for  which  purpose  thick  walls  are  necessary 
to  prevent  radiation. 

Intbbmittbkt  Kilns.— In  Plate  XYIII.  are  various  forms  of  inter- 
mittent kilns  used  in  different  countries.  Fig.  1  is  what  is  termed  in 
France  a  field  kiln  (four  de  campagne)^  and  is  designed  for  temporary  use 
where  a  large  quantity  of  lime  is  wanted  in  a  short  time.  It  consiste  of 
merely  an  oven-shaped  vault  of  limestone,  upon  which  a  stack  of  the 
same  material  is  built  up  in  a  cylindrical  form.  The  whole  is  then  sur- 
rounded by  a  wall  of  beaten  earth,  and  supported  outwardly  by  coarse 
wattlings.  According  to  Vicat,  in  this  kiln  a  cubic  yard  of  lime  requires 
from  1-64  to  2*234  cubic  yards  of  oak  as  fuel. 
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102.  English  Kiln. — Fig,  2  is  a  crosB-^section  of  a  common  form 
of  intermittent  kiln  used  for  bnming  chalk  lime  on  the  river  Medway, 
Kent;  the  fael  used  being  coal.  These  kilns  are  generally  built  in 
pairs,  as  two  charges  freight  one  rirer  barge,  a,  is  a  large  aperture, 
where  the  chalk  is  thrown  in  (the  ground  being  higher  behind)  ;  b,  the 
door  where  the  lime  is  taken  out ;  cc,  the  furnaces,  the  bars  going  right 
across  the  kiln.  The  inside  of  the  kiln  is  lined  with  fire-bricks,  set  in 
a  mixture  of  equal  parts  of  brick- earth  and  sand.  The  lime  takes  60 
hours  to  bum ;  and  20  hours  after  they  haye  ceased  to  put  in  fuel,  the 
lime  should  be  cool  enough  to  admit  of  its  being  taken  out.  The  Tolume 
of  the  charge  diminishes  as  the  kiln  bums ;  the  out-turn  for  a  pair  of 
kilns  being  from  110  to  120  cubic  yards.  The  fuel  required  for  this 
quantity  is  nine  tons  of  coal,  and  an  allowance  of  1  or  2  Bbs«  coarse 
gunpowder ;  which  is  exploded  occasionally  from  a  gun  barrel  inside  the 
kiln,  to  keep  soot  from  forming  and  checking  the  draught. 

103.  American  Kiln. — Fig,  3  is  a  section  of  an  intermittent  kiln,  used 
in  America,  the  fuel  being  wood.  A  hollow  dome  from  8  to  6  feet  high 
is  formed  of  the  blocks  of  stone,  resting  either  on  the  bottom  of  the 
kiln  or  on  the  fire  grates.  It  is  made  large  enough  to  hold  all  the  fuel, 
which,  cut  into  short  lengths,  is  piled  round  it  endwise.  The  stone  is 
gradually  brought  to  a  red  heat  in  8  or  10  hours,  avoiding  any  sudden 
increase  of  temperature,  as  it  is  apt  to  shiver  the  stones  and  break  down 
the  dome.  After  this  heat  has  been  arrived  at,  it  is  kept  up  uniform  until 
the  calcination  is  complete,  indications  of  which  are  given  by  the  volume 
of  the  charge  being  diminished  to  about  |ths  of  its  original  mass,  by 
the  broken  appearance  of  the  stone  forming  the  kiln,  and  by  the  ease 
with  which  an  iron  bar  may  be  forced  down  through  the  charge.  This 
kiln  is  shown  as  built  on  the  face  of  a  steep  bank. 

104.  Dehra  Boon  f^i^n.— On  the  next  page  is  a  plan  and  section 
of  a  lime  kiln  in  common  use  by  the  native  lime  burners  of  Dehra 
Doon.  , 

It  consists  of  a  cylindrical  pit  dug  near  the  steep  bank  of  a  river, 
the  bottom  roughly  paved  with  flat  stones,  the  sides  being  boulders  set 
in  mud. 

Openings,  B,  are  made  out  to  the  bank  of  the  river,  through  which 
the  fuel  is  ignited,  and  which  afterwards  act  as  draught  holes.  The  kiln 
is  filled  with  green  wood ;  a  heap  of  billets  of  dry  wood  on  end,  A,  being 
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placed  in  the  middle  at  the  top,  and  lumps  of  limestone  being  filled  all 
oyer  an  aronnd  it.  The  following  is  a  detail  of  the  working  results  of 
kilns  of  this  description  of  two  different  sizes  in  common  use  : — 


ParticQlan. 


1. 


Diameter, 

Depth 

Wood,  one  filling,     .       .       .       . 

Limestone,    „ 

lime  piodnced,  average  (indnding  failures),    . 

WOBKINO  PABTT. 

Men,     . 

BnfEaloes,  - 

2-biilloek  carts, 


15  feet 

9    „ 
576  mannda 

1,250    „ 

338    „ 

20 

10 

3 


10  ft  6  ins. 
7  f>  6   „ 
830  maandii. 
700 
156 


>f 


>i 


10 

10 

1 


105.  Eurrachee  Kiln. — ^The  following  is  the  description  of  the  kiln 
that  was  used  at  Eurrachee  for  burning  the  lime  already  described  in 
para.  87. 

The  kiln  used  (Plate  XIX.)  is  constructed  on  the  principle  of  '^  alter- 
nating fibres  "  (suggested  by  M.  Yicat  for  the  burning  of  hydraulic  lime), 
the  base  being  in  three  compartments  or  chambers,  and  the  chimney  in 
one,  common  to  the  three  chambers. 

Each  chamber  has  an  opening  for  firing,  to  which  a  sliding  door  of 
iron  is  attached  for  regulating  the  draught. 

The  lower  portion  of  the  charge  is  formed  of  limestone  hand  rubble, 
laid  in  the  form  of  a  yault,  8  to  10  inches  thick,  over  each  chamber. 

AboTe  the  yaults,  the  kiln  is  to  be  filled  in  with  the  balls,  pieces  of 
firewood  being  placed  yertically  at  intervals  of  about  2  feet,  to  facilitate 
the  draught. 

•    The  top  of  the  kiln  is  left  open,  but  the  0))ening8  for  drawing  the  lime 
are  closed  with  sun-dried  brick,  plastered  over. 

The  chambers  are  lighted  in  rotation,  each  for  20  hours  at  a  time, 
until  the  burning  has  continued  for  the  usual  period  of  120  hours,  being  time 
required  if  hobul  {Acacia)  wood  be  used  for  firing;  if  jhow  {Tamarisk) 
wood  be  used|  144  hours  are  required,  to  be  diyided  proportionately. 
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The  doors  of  the  chambers  not  in  action  are  closed,  the  chinks  being 
plastered  oyer  with  clay. 

After  the  burning,  one  day  is  allowed  for  cooling  the  kiln,  after  which 
the  doors  may  be  opened  and  the  lime  drawn. 

The  kiln  requires  for  burning  from  400  to  450  mannds  (mannd  equal 
82  lbs.)  of  firewood,  if  jhow  be  used ;  if  toM,  860  to  400  maunds. 

Thi  return  is  from  700  to  780  cubic  feet  of  hydraulic  lime  and  160  to 
180  maunds  (maund  equal  to  2^  cubic  feet,  measured  after  slaking)  of 
rich  lime. 

The  quantity  of  lime  stone  required  for  the  vaulting  is  from  260  to 
290  cubic  feet,  measured  as  stacked  in  heap. 

After  the  burning,  the  hydraulic  lime  may  be  slaked  for  use  in  the  same 
manner  as  ordinary  lime.  If  kept  a  little  time  however  the  balls  fall  to 
powder,  more  or  less  from  exposure  to  the  air,  but  the  lime  will  keep  good 
in  this  way  for  some  weeks,  or  even  months.  It  is  decessary  however 
to  store  the  lime  under  shelter  in  a  closed  shed. 

The  lime  prepared  under  the  foregoing  process,  set  under  water  in  from 
24  to  48  hours,  and  appears  in  every  way  to  fulfil  the  conditions  of  an 
eminently  hydraulic  lime,  as  defined  by  M.  Yicat. 

106.  Details  of  cost  of  manufacture  of  one  kiln  yielding  about  700 
cMcfeei  :-* 

^.^.— The  lime  meaBares  about  the  same  in  cabic  content  whether  in  balls  or 

after  having  fallen  into  powder. 


Particulars. 


Dttorlptloii* 


No. 


Bate. 


Per. 


Amottnt. 


Total. 


Per- 
oeotage. 


Matbblalb. 

Rich  lime,  | 

Limestone  for  baae  of 
charge,       •••        ... 

Water  (fresh)  for  slak- 
ing lime,  obtained 
from  baae  of  charge, 

Laboor  for  slak-  [ 
ing  and  measuring  I 
lime  obtained  from  | 
base,  ( 

I>ednct  Talae  of  rich 
lime  obtained  from 
base  of  charge, 

Carried  over,    ... 


Mannds. 
Cabic  ft. 

Cnbic  ft. 


Gallons, 
Labonrers, 

Boys, 


Maunds, 


362  \ 
816/ 

290 


900 

21 
1 
6 

4 


170 


10  0 


6  4  0 


0  5  0 


0  6 
0  7 
0  8  6 
080 


0 
0 


1  0  0 


B,  A«  P. 

B.  A. 

P. 

md8.2i 

14412  9 

eft 
100 

18   2  0 

galls. 

100 

218  0 

diem, 

n 

714  0 
0  7  0 
15  0 
012  0 

176   1   9 

md8.2i 
... 

68  0  0 

108    1 

9 

... 

108   1 

9 

24-70 
24-70 


142 


LIHE8|    CRMKNTS,    MOKTARS, 


PtfUcnlan. 


Denriptloii 


No. 


Rate 


Per 


Annoont 


TMal 


Per- 

oentege. 


Brought  OTer,    ... 

\/Uty}  •■•       •••       ••• 

Water  (fresh)  for  mix- 
ing lune  ind  day, ... 

Firewood  {halml),     | 
Labour,  mdono  lims 

AND  OLAT. 


•  •• 


Cnbic  ft. 


Gallons, 

Mannds, 
lbs. 


Mannal  labonr,     ... 


I 


Machinery  charges  for 
mixing  by  steam  mor- 
tar mu],      

Diriding  the  paste  into 
ballSi 


•••        t«i 


Tioading  kiln, 


•■] 


Firing  kiln,  indnd-  ( 
ing  remoTal  of  fire-  •< 

WOOQ,         •••  ***  ( 


Drawing    kiln    and  i 
storing  lime,      ••  1 

Foreman  lime  bnmer. 

Add  for  depreciation 
of,  and  repairs  to  kihi, 
lime  sheds,  tools,  and 
charge  for  senrice 
sroond  occupied  in 
drying  balls, 

Total  cost  of  700  cnbic 
feet  of  lime, 

Cost  of  one  cabio  foot, 


Labourer, 
Boys, 


Women, 
Labourers, 


}» 


Women, 
Boys, 

>»• 
Labourers, 

Labourer, 
Women, 


••• 
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1,600 

880 
31,160 


10 

32 

7 


89i 

8 

24 
8 
5 

6 

8 
12* 

12 

23 

1 

Days. 
20 


••• 


••• 


6  0  0 

0  6  0 
|l  00 


0  701 
0  6  0 
0  8  0 


040 

070 
0  6  0 
04  0 
0  3  6 
03  0 

0  7  01 
060 

07  0 
0  60 
0  4  0 


100 


10  0  0 


••• 


••• 


c.    ft. 
100 

galls. 
100 

mds.  2| 


diem. 


» 


diem. 


» 

n 
w 

» 

•f 

» 

»> 
n 
»» 


R.  A.  P.]    B.  A.  P. 
108     1  9 


814  0 


6  0  0 


162  0  0 


4  6  0 

12  0  0 

16  0 


4011  0 


914  0 


16  0 
9  0  0 
012  0 
116 

1   2  0 


8  8   0 
4  9  6 


6  4  0 

810  0 
0  4  0 


percft 


•■• 


20  0  0 


••• 


••• 


8  14  0 


6    00 
162    0  0 


24-70 
2*03 

1-14 
34-74 


17  11  0 


40  11  0 


9  14  0 


13    4  6 


8    16 


14    2  0 


20    00 


397  11  9 


89  12  4 


437    8  1 


0  10  0 


4-06 


9-30 


2-26 


8-04 


1-86 


8-23 


4-67 


90-91 


909 


100-00 


Non.*-Tbe  ooet  of  the  hydnuilio  lime  at  Robri  in  1868  wm  aboat  3  aiuiu  per  oaUo  foot,  bai 
there,  labour  was  onlj  about  one-third,  and  flzeiwood  ono-ftnirth  Knrraeheeratea ;  also  stone  elaj  and 
water  ware  inooDxed  on  the  ipot  at  nominal  ooet,  wbUe  all  theee  materials  have  to  be  brought  from 
a  oonalderable  diitance  at  Karrachee.  Such  lime  now  ooste  at  Bohri  aboat  8  annae  7  pies  per  cobio 
loot,  or  1  nipeo  lor  2  maondB. 
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107.  Perpetual  kilvs.— Figs.  1  and  2  are  given  by  M.  Vioat  as 
sections  of  the  best  fonns  of  perpetual  Fig.  1.  Fig.  2. 
kilnsy  the  fdel  used  being  coal ;  the 
small  conical  erection  shown  in  section^ 
in  Fig.  1,  being  intended  to  give  the 
lime  a  direction  in  falling  through  the 
orifices.  The  ont-tnm  of  the  former  is 
241*5  cubic  feet,  and  of  the  latter  158*1 
cubic  feet  of  lime  per  day. 

108.  Madras  kUns. — Figs.  8  and  4 
are  a  plan  and  cross-section  of  the  kilns 
generally  used  in  Madras.    The  lime  is  made  of  shells,  which  are  mixed 
up  with  about  half  their  bulk  Fig.  8. 

of    pieces    of    charcoal.     A 

small  arch  runs  longitudinally 

through  the  kiln,  coYcred  with 

a  grating  of  brick-on-edge,  and 

partially  strewed  with  broken 

tiles.    On   this   is  placed  a 

layer  of  charcoal  about  8  inches 

thick,  and  the  kiln  is  lighted. 

The  mixed  shells  and  charcoal 

are  then  laid  in  small  heaps 

about  18  inches  apart  and  when  the  fire  has  reached  them,  the  space 

between  is  filled  up.    When  the  fire  has  extended  to  them  also,  another 

layer  is  laid,  and  so  on  till  the  kiln  is  filled. 

The  transYcrse  arches  are  to  promote  the  current  of  air,  the  windward 
one  being  always  open,  and  the  other  closed.  The  shells  take  12  hours 
to  calcine,  and  24  hours  more  to  cool  sufficiently  to  be  taken  out.  A 
kiln  of  this  size  holds  about  90  cubic  feet  of  shells. 

The  Sylhet  lime,  which  supplies  Calcutta,  is  burnt  in  a  very  similar 
way,  in  round  kilns  containing  about  700  maunds.  Reeds  and  dry  wood 
are  used  for  fuel. 

109.  The  natives  of  this  country  frequently  bum  lime  without  a 
kiln  at  all,  laying  it  in  alternate  beds  with  dried  cow-dung,  and  cover- 
ing the  whole  in  ¥rith  a  coating  of  mud  to  retain  the  heat. 

The  native  method  of  lime  burning  without  a  kiln  possesses  the  two 
great  advantages  of  cheapness  and  simplicity.    There  is  none  of  the  ex- 
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pense  of  building  a  kiln,  to  which  lime  from  all  the  neighbourhood  mast 
be  brought,  often  at  a  considerable  additional  expense  for  carriage.  Bat 
where  the  limestone  is  found,  there  it  is  burned;  for  there  are  few 
spots  to  which  fuel  cannot  be  rapidly  taken.  It  is  so  simple  a  method 
too,  and  one  so  well  known  to  the  natives  of  the  Upper  ProTinces, 
that  the  Engineer  requires  to  giye  no  instructions  to  the  lime  burner, 
but  can  generally  get  a  contractor  who  will  bring  him  good  lime,  at  a 
moderate  rate. 

On  the  other  hand,  in  this  system  of  lime  burning,  there  is  a  great 
waste  of  heat,  and  consequently  of  fuel ;  and, of  ten  of  lime  too,  so  that 
it  becomes  quite  worthy  of  consideration  whether  it  would  not  be  the 
truest  economy,  where  any  extensiye  works  are  to  be  built,  to  construct 
regular  lime  kilns,  as  they  are  built  in  England,  and  to  bum  the  lime 
with  the  care  and  attention  which  is  bestowed  on  it  there.  One  un- 
doubted advantage  would  be  gained,  that  by  making  sheds  and  preserv- 
ing the  fuel  from  wet,  lime  might  be  burned  in  kilns,  and  consequently 
work  carried  on,  all  the  year  round  hardly  hindered  by  the  rains ;  at 
least  in  the  Upper  Provinces.  As  it  is,  during  the  rainy  months,  lime 
burning  generally  ceases. 

110.  On  Slaking  Lime. — The  methods  employed  for  slaking  lime 
have  been  generally  divided  into  three  heads.  The  first  consists  in  throwing 
on  the  lime,  as  it  comes  from  the  kiln,  enough  water  to  reduce  it  to  thin 
paste.  Too  much  water  is  generally  added,  and  the  lime  is  ^*  drowned/* 
the  slaking  being  checked.  The  second  method  of  slaking,  consists  in 
flinging  quick-lime  into  water  for  a  few  seconds,  and  withdrawing  it  be- 
fore the  commencement  of  ebullition.  The  operation  is  performed  with 
baskets,  into  which  the  lime,  broken  into  pieces  about  the  size  of  an  eggf 
is  placed.  After  being  taken  out  of  the  water,  it  is  thrown  into  a  heap, 
and  allowed  to  fall  to  powder.  This  method  of  slaking  has  been  found 
to  be  attended  by  various  practical  inconveniences,  the  chief  of  which  is 
the  difficulty  of  getting  the  workmen  to  hold  the  lime  precisely  the  right 
time  under  water.  The  third  process  is  called  *'  air  slaking,"  leaving  the 
quick-lime  exposed  to  moisture  from  the  surrounding  atmosphere.  Al- 
though Vicat  maintains  that  air  slaking  answers  very  well  for  fat  limes, 
the  majority  of  writers  disagree  with  him ;  and  it  would  be  at  all  times 
an  inconvenient  and  expensive  mode  of  operation. 

Treassart  recommends  a  modification  of  the  second  method  as  the  best. 
Instead  of  plunging  the  lime  into  water,  he  obtained  a  like  result  by 
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throwing  a  certain  quantity  of  water  on  the  lime.  The  lime  was  laid  in 
heaps  of  about  10  cubic  feet  each,  and  the  sand  to  be  mixed  with  it  after, 
placed  all  round  it.  The  water  was  poured  oyer  it  from  tin  pots  of 
known  size,  allowing  of  water  about  one  quarter  the  bulk  of  the  lime. 
The  slaking  was  regulated  by  turning  about  in  the  lime  an  iron  rod  or 
shovel  to  keep  it  uniform,  and  then  the  lime  was  covered  over  with  sand 
till  the  next  day,  when  the  slaking  having  become  complete,  it  was  mixed 
with  sand  in  the  desired  proportions  and  the  mortar  used  at  once.  Only 
as  much  being  made  over  night  as  would  suffice  for  the  next  day's  supply. 

111.  Colonel  Scott's  directions  for  slaking  hydraulic  limes  are  very 
similar,  viz. : — Sprinkle  with  water,  cover  up  well  with  sand,  keeping  in 
the  steam  for  at  least  24  hours.  The  quantity  of  water  varying  from  2  to 
6  gallons  to  the  bushel,  according  to  the  kind  of  lime. 

112.  It  matters  little  whether  pftire  limes  be  slaked  in  large  or  small 
quantities  at  once ;  but  with  hydraulic  limes,  only  so  much  should  be 
slaked  at  a  time  as  can  be  worked  ofif  within  thQ  next  8  or  10  days.  In 
order  to  make  sure  that  the  lime  has  entirely  lost  its  affinity  for  water 
before  being  laid  as  mortar  in  the  joints  of  a  building,  it  is  safer  to  leave 
hydraulic  limes  for  from  24  to  48  hours  after  slaking,  before  making  them 
into  mortar.  For  want  of  this  precaution,  mortar  has  been  known  to 
expand  and  to  burst  even  the  heaviest  masonry.  Twelve  to  twenty  hours 
are  long  enough  for  pure  or  feebly  hydraulic  limes ;  they  should  be  left 
covered  up  during  that  time.  Hydraulic  limes  should  always  be  used  as 
fresh  as  possible  from  the  kiln,  and  as  they  slake  with  difficulty,  they 
should  be  ground  first,  to  ensure  the  operation  being  done  perfectly. 
Hydraulic  cements  do  not  slake  at  all.  They  should  be  ground  to  fine 
powder  and  made  into  mortar  either  in  a  pug-mill  or  by  hand  in  small 
quantities,  being  mixed  with  water  only  when  required  for  use ;  taking 
care  not  to  let  them  remain  too  long  in  that  state,  as  they  at  once  begin 
to  harden.  Generally  the  more  hydraulic  the  lime,  the  less  violent  is 
the  action  caused  by  slaking  it,  and  the  less  increment  there  is  in  the 
volume  of  the  slaked  powder. 

118.  Ob  Forming  Hortar.^-In  para.  97  it  was  attemped  to  confute 
the  popular  idea  that  the  tenacity  of  lime  is  increased  by  mixing  with  it 
a  certain  proportion  of  sand.  Sand  is  however  generally  mixed  with 
lime,  for  the  sake  of  economy ;  and  for  ordinary  purposes  any  good  lime 
will  stand  the  admixture  without  its  properties  being  seriously  impaired. 
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Theoretically,  the  most  perfect  wall  is  that  in  which  the  cementing 
material  is  jnst  as  strong  as  the  brick  or  stone  cemented.  There  is 
aridentl  J  no  object  in  having  the  cement  stronger ;  bat  up  to  the  point 
of  equal  resistance,  the  strength  of  the  whole  wall  will  vary  with  that 
of  the  cement.  Experience  proves  that  with  feebly  hydraulic  limes,  2^ 
cubic  feet  of  sand  may  be  mixed  with  1  cubic  foot  of  lime,  and  the  results 
will  be  a  mortar  of  j^th  or  |th  the  resistance  of  brick.  With  hydraulic 
lime  of  good  quality,  such  as  the  lias  lime  of  England,  and  many  of 
the  iankar$  of  this  country,  I^  to  2  parts  of  sand  may  be  used  to  1  part 
of  Ikae,  but  this  is  the  limit  Scott's  cement  mixed  with  4  parts  of  sand, 
and  Portland  cement  with  5  parts  of  sand,  attain  as  great  a  hardness  as 
the  ordinary  bricks  used  in  London,  and  this  is  probably  about  the  limit 
which  can  be,  or  at  least,  which  has  been,  obtained  with  any  cement  or 
mortar.  For  hydraulic  works  and  foundations,  equal  portions  of  lime 
and  sand  should  be  the  limit  allowed. 

114.  In  the  Upper  Provinces  of  India  the  most  common  mixtures  for 
mortar  are  1  part  of  stone  lime  to  2  of  sand  or  surkhi ;  or  1  part  lime, 
1  part  sand,  1  part  s&rMiU  Kanhar  lime  will  not  in  general  bear  any 
admixture  of  sHrJ^i.  Experiments  made  at  Mean  Meer  in  1851  previ- 
ous to  building  the  new  barracks,  gave  a  mixture  of  94  maunds  of  kanhar 
lime  to  6  maunds  of  stone  lime  (without  any  sand  or  surhhi),  as  the  best 
and  strongest  mortar  that  could  be  made  of  the  materials  then  available, 
and  this  mixture  was  accordingly  adopted.  The  price  of  the  two  was  then 
Rs.  14  per  100  maunds  for  kankar  lime,  and  Rs.  1-2-0  per  maund  for 
stone  lime,  delivered  on  the  works. 

115.  The  qualities  of  lime  and  surkhi  vary  so  much  in  different 
districts,  that  every  Engineer  should  experiment  for  himself  before  com- 
mencing work  in  a  new  station ;  the  practical  facts  deducible  from  the 
above  paragraphs  being,  that  in  limes  containing  little  or  no  argillaceous 
matter,  such  as  that  burnt  from  limestone  boulders,  an  admixture  of 
BurhM  as  well  as  of  sand,  will  be  advisable,  especially  for  buildings 
exposed  to  wet ;  while  in  the  case  of  kankar  or  marl  limes,  little  or  no 
9urkhi  can  be  added  without  impairing  their  strength,  as  the  necessary 
amount  of  clay  is  already  present 

116.  The  following  is  an  account  of  a  remarkably  fine  kind  of  kankar 
lime  found  at  Behmurri,  in  the  Gorakhpar  District,  which  received  the 
Ist  prize  at  the  N.-W.  Provinces  Exhibition  of  1867  :— 
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Behmmri  Mankar,  so  called  from  being  found  in  ft  Tillage  Behmnrri,  Amorha 
pargennab,  sillah  Bnstee.  It  was  first  bronght  to  my  notice  bj  some  bricklayers. 
Shell  lime  being  scarce  and  very  dear  in  the  districts,  I  gare  some  attention  to  this 
kankar  lime,  which  is  so  Tery  different  to  the  oonunon  kankar  need  for  roads  and  for 
mortar.  The  Behmarri  lime  was  bronght  to  my  notice  20  years  ago ;  it  is  to  be  foond 
in  Tcins  mnning  nnder  the  village  on  the  banks  of  a  small  rirer  called  the  Itoiwar, 
and  stretching  ont  into  the  adjacent  land. 

It  is  taken  ont  by  digging  with  the  koddR  in  large  blocks  or  clods,  and  is  broken  np 
by  a  mallet  into  small  pieces,  then  laid  ont  to  dry.  A  drcnlar  kiln  is  raised  aboot  9 
or  10  feet  high,  the  diameter  at  the  base  inside  abont  5  feet,  slightly  closing  np  to  4 
feet  at  the  top. 

It  has  four  or  five  open  furnaces  at  the  bottom  for  firing.  It  is  nsnally  bnmt  with 
charcoal,  a  layer  of  charcoal  6  inches  deep,  then  a  layer  of  kankar  in  small  bits,  6 
inches  deep,  alternately,  till  the  kiln  is  filled  np ;  it  is  tiien  fired,  and  the  kankar  lime 
burnt  in  a  dry  state.  It  is  then  taken  ont,  and  pnt  into  small  pits  5  or  6  feet  square 
by  18  inches  or  2  feet  deep,  the  bottom  generally  laid  over  with  bricks,  water  is  then 
run  into  the  pits,  and  the  lime  is  slaked.  It  is  left  in  this  condition  for  a  day  or  two, 
and  the  slaking  oyer,  it  is  well  drenched  in  water :  and  then  taken  np  and  mixed  with 
Murkkt  snd  made  into  mortar,  with  an  addition  of  the  common  kankar. 

The  Behmnrri  lime  mnst  not  be  mixed  np  in  its  dry  state  with  f£rUi,  without 
being  well  drenched  in  water  first,  or  its  full  qualities  will  not  come  to  acooont  The 
bricklayers  here  generally  used  |rd  turij^,  )rd  Behmurri  lime,  and  jrd  common  kan* 
kar  lime,  which  makes  a  first  rate  cement ;  or  |rds  iirkU  and  Jrd  Behmuiri  lime 
will  do  excellently.  The  common  kankar  lime  senres  much  in  the  same  way  as  sand 
in  European  mortar,  for  it  has  but  poorly  adhesiye  quality  of  its  own.  The  Behmnrri 
.  kankar  is  found  at  the  depth  of  about  6  feet,  but  an  earth  agglomerating  with  it  oom* 
mences  to  be  found  8  feet  from  the  surface.  This  earth  is  quite  as  good  in  its  qualities 
as  the  full  formed  kankar.  Behmurri  is  20  miles  west  of  Bnstee,  and  25  nortli-^asft 
of  Fyzabad,  across  the  river  Gogra  on  ^e  Bnstee  side. 

The  Behmurri  lime  well  drenched  in  pits  with  water,  has  a  most  adhesive  property 
almost  fully  equal  to  shell  lime,  but  must  not  be  mixed  np  in  mortar  in  its  dry  state ; 
if  about  one  maund  of  shell  lime  be  put  into  the  mortar  pit  with  10  maunds  of  Beh* 
mnrri  lime,  the  cement  will  be  all  the  stronger,  but  of  itself  is  quite  good  and  strong 
for  fiooring,  for  plastering  walls  and  cementing  brick*work ;  in  wall  building  it  is 
first  ratSi  For  plastering  and  flooring  work,  it  requires  a  good  deal  of  beating,  and 
ought  to  be  kept  during  the  process  of  plastering  well  wet  and  moist 

117.    Colonel  Sir  Proby  Cautleyi  an  eminently  practical  Engineer, 

wrote  as  follows  regarding  mortars  used  in  the  Upper  Doab  :— 

"  The  varieties  of  lime  procurable  between  the  Himalayas  and  Delhi  are  peculiarly 
favourable  to  hydraulic  works.  The  beds  of  the  rivers  which  drain  the  valley  oi 
Dehra,  situated  between  the  parent  mountains  and  the  Sewaliks,  are  loaded  with 
boulders  of  lime  rock ;  the  single  strata  of  the  Sewaliks  themselves  contain  also  a 
plentiful  supply ;  these,  with  tiie  main  outlets  of  the  Jamna  and  Ganges,  provide 
lime  for  all  the  npper  porticm  of  this  Doab.  The  boulders  are  collected  and  either 
burnt  on  the  spot,  or  carried  to  the  works ;  in  the  former  instance  the  cost  of  the 
material  from  the  hills,  to  points  between  them  and  the  town  of  Saharanpur  averages 
as  fellows :— 
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Coftt  per  100  maimds  at  the  kiln  from  8  to  10  Rs.,  say,     .  • 
Carriage  of  ditto  to  the  works  at  per  mannd,  8  to  8|  annas,  say, 


■  • 


B. 

A. 

10 

0 

21 

4 

2 

2 

Total  cost  per  100  mannds,  ••    83    6 

'*  Although  this  lime  is  in  many  cases  pnre,  i,  «.,  crystalline  carbonate  without 
miztore— and  by  selecting  the  bonlders  preTionsly  to  burning,  may  be  obtained  suffi- 
ciently pure  for  the  whitest  stucco,  or  white  wash— the  article  from  the  kibs  is  much 
adulterated  with  clays  and  metallic  oxides,  arising  from  the  Tarieties  of  lime  rock 
which  are  thrown  into  the  beds  of  the  riTcrs.  With  the  use  of  tiirkhi  therefore  (or 
pounded  brick),  this  lime  makes  an  admirable  water  cement.  In  wells  and  founda- 
tions I  have  generally  used  it  in  the  following  proportions : — 
2  parts  nirhhM, 
1  ditto  lime,  or 

5  maunds,  or  400  lbs.  of  MrMi, 
1)  maunds,  or  140  IbSi  of  stone  lime, 
mixed  well  together  in  a  mortar  mill  before  it  is  used.    Abore  the  lerel  of  the  water 
I  hare  found  it  advisable  to  reduce  the  quantity  of  aiirk^  ;  the  cement  in  this  case 
consists  of 

li  parts  of  tvrl^,  or  3}  mannds, 
1    ditto  of  lime,  or  1)  maundSi 

"  The  lime  in  fact  is  so  gOf)d,  that  where  well  burnt  bricks  are  used,  bad  masonry 
is  entirely  out  of  the  question  ;  the  builder  cannot  help  himself,  and  for  this  portion 
of  bis  duty  deserves  no  sort  of  credit  whatever. 

'*  This  stone  lime  is  used  universally  on  the  Doab  Canal  from  the  point  where  it 
leaves  the  Jamna  to  Rampnr,  a  town  twelve  miles  south  of  Saharanpur,  from  this 
the  marls  and  kankar  limes  of  the  districts  come  into  use,  although  the  stone  lime  is 
brought  into  requisition  on  a  smaller  scale  for  arch-work  as  well  as  parapeto  ;  and  in 
plastering  masoniy  works  it  is  solely  used. 

'*  The  marl,  or  earth  lime  as  it  is  usually  called,  is  in  much  greater  abundance  on 
this  line  than  kankar.  When  extracted  from  the  quarries  or  pits,  it  is  perfectly  soft 
and  friable,  in  which  stete  it  is  kneaded  up  into  round  balls  about  2  or  3  inches  in 
diameter,  which  are  placed  in  the  sun  to  dry,  previously  to  their  being  burnt  in  the 
kiln*  The  marls  differ  very  much  in  quality,  but  all  of  them  make  an  admirable 
water^cement;  That  from  Jussooe,  a  village  on  the  khadir  of  the  Hindan  river,  is 
the  most  approved  of,  and  is  delivered  on  the  works  within  a  circle  nf  ten  and  fifteen 
miles  at  about  12  rupees  per  100  maunds.  These  marls  are  full  of  fresh  water  shells 
of  species  now  existing  in  all  the  tanks,  jhilSf  and  rivers  of  the  country ;  those  of 
wtelania,  gymna,planorhUf  being  the  greatest  abundance. 

**  The  kamkar  limes  ar^  more  numerous  in  the  southern  districte  of  the  canal,  they 
also  make  a  good  water-cement,  but  contain  no  remains  of  fresh  water  exuvin. 

"  Near  a  villsge  called  Harsaru,  twenty-five  miles  to  the  south-west  of  Delhi,  a 
very  superior  kankar  lime  is  procured— the  formstion  iteelf  is  intermediate  between 
kankar  and  marl,  but  the  position  of  the  quarries  from  which  it  is  excavated  is 
aimilar  to  that  in  which  all  this  material  is  procured,  in  a  low  tract  of  country,  the 
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site  in  all  probability  of  a  lake  or  jhU  now  filled  ap.*  The  same  fresh  water  shells 
as  are  foaiid  in  the  marls  to  the  eastward  of  the  Jamna,  are  rery  nomerons  in  the 
Harsam  lime.  It  is  exported  in  large  blocks,  and  is  sold  in  Delhi  at  from  tweWe  to 
fifteen  mpees  per  100  mannds.  The  cost  after  burning  varies  from  twentj-fiye  to 
thirty  mpees  per  100.  This  lime  for  a  water-cement  is  very  far  superior  to  any 
lime  chat  I  have  met  with.  When  calcined  it  is  of  a  very  light  colonr,  and  might  be 
mistaken  for  the  stone  lime  of  the  Northern  Division.  In  the  locks  and  works  on  the 
Doab  Canal  appended  to  them,  at  Shnkalpnr,  Sikrani,  and  Janli,  in  the  southern 
district  opposite  Dehli,  nothing  but  Harsaru  in  the  following  proportions  has  been 
«sed  in  the  Buperstrueture  :— 

1    part  of  Harsam, 
U  ditto  of  fta^Ht 
and  in  the  neighbourhood  of  Delhi  in  the  use  of  pounded  brick,  or  iHr^hi  has  been 
almost  entirely  superseded  by  that  of  bajruX 

"  The  sand  stone  which  is  an  attendant  upon  the  great  quartzose  formation  of  the 
ridge  upon  which  Tnghlukabad,  the  Eootnb  Minar,  and  old  and  new  Delhi  stand, 
varies  from  compact  and  crystalline,  to  a  loose  and  friable  rock  ;  in  this  latter  case  it 
consists  of  an  agglutination  of  minute  angular  fragments  of  quartz,  with,  in  some 
cases,  a  red  oxide  of  iron  in  soch  abundance  as  to  give  the  strata  quite  a  peculiar 
character ;  in  other  cases  the  oxide  is  wanting,  and  this  friable  rock  is  of  a  light 
colour.  For  roads  aud  other  purpoees  these  varieties  of  the  sandstone  are  much  in 
request,  and  amongest  the  natives  obtained  the  name  of  lajri.  Nothing  could  be  a 
better  substitute  for  tiirkhi,  than  the  substance  in  question.  The  presence  of  the 
iron  oxide  is  in  every  way  favourable  to  its  value  in  hydraulic  works,  and  the  sharp- 
ness of  the  particles  of  which  it  is  composed  renders  it  an  admirable  mixture  with 
lime  for  plaster  or  stucco.  In  this  form  it  stands  the  effect  of  the  climate  much  better 
than  iurkht  or  river  sand.  In  the  proportion  of  one  part  of  Harsaru  lime  to  one 
part  of  bajri,  mortar  laid  on  with  a  float,  as  is  used  in  sand,  may  be  considered  very 
far  euperior  to  it,  and  with  a  much  better  appearance  than  that  practised  by  the 
natives,  under  the  tedious  process  of  beating  with  the  thdpL  This  lajri  is  now 
aniversally  used  on  the  Doab  Oanal  works,  at  ail  points  at  which  it  can  be  delivered 
under  8  mpees  per  100  maunds,  this  being  the  maximum  rate  of  pounded  brick.  For 
water  cement,  the  Harsaru  lime  with  a  proper  proportion  of  this  red  hajri  may  per- 
haps be  considered  as  superior  to  all  others  attainable  in  this  part  of  the  world." 

*  Hftnaro  is  litaatad  on  a  nallah  which  riaes  in  the  tmall  hilli  near  Um  Sootnb  llinar,  and  flows 
into  the  aouth-west  end  of  the  Farakhnagar  JMl,  The  town  of  Hanam,  or  as  It  is  more  com- 
monly called  "  Hanara  ghurree,"  ii  about  two  mllee  from  the  Jkil, 

f  The  following  is  the  detail  of  proportions  need  in  the  cement  at  theie  worka,  and  as  thej 
were  built  in  1884-35,  a  snfllcient  time  has  elapsed  to  fudge  of  the  dnrabiUtj  of  the  masoniy,  no 
repair  of  any  description  having  taken  place  np  to  this  period. 


Vooidationfl,  indnding  flooring,  lie., 
Snpentnictiire,    .^       ...       ...       ... 


'  Harsam  lime,      «.       ...  one  part. 

Earth  lime^          ...       ...  two  „ 

SC^Ttf                         ...          ...                     yy  ly 

Hanam  lime,      ...       ...  one  „ 

Bajri,      ...         one-and-a>half     ^ 

Plaster.                                                  /Harsam  lime,      one  « 

I  XKyr  l|          ...             ...          ,,,                     -J  -^ 

Sandatta,  or  outer  thin  coating  given  ( Stone  lime^         eight  h 

to  the  plaster,  as  a  flnish,                   \Sitrkhi,      one  „ 

t  ThisluM,  I  believe,  been  the  Gaoe  in  the  Delhi  works  for  many  jears. 
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118.  There  is  mach  difiference  of  opinion  as  to  what  sand  is  best  suited 
for  mixing  with  lime.  Vicat  concluded  that  the  adyantage  of  the  three 
different  descriptions  of  sand  employed  by  him,  yaried  with  the  nature  of 
the  lime.  Others  recommend  sharp  hard  sand,  not  too  fine ;  while  CoL 
Totten  found  that  sand  as  fine  as  powder,  produce  as  good  results  as  any. 

The  general  opinion  of  writers  has  been,  that  pit  sand  is  better  than 
riyer  sand,  and  sea  sand  is  the  worst 

It  is  probable  that  the  difierence  of  opinion  on  this  subject  may  arise 
from  the  different  kinds  of  lime  that  haye  been  used.  Fat  lime  will  not 
harden  if  kept  damp ;  and  the  presence  of  salt  in  the  mortar  will  always 
keep  it  so.  Hydraulic  limes  on  the  other  hand  harden  all  the  better, 
though  not  so  quickly,  from  being  kept  damp ;  ^nd  it  is  therefore  reason- 
able to  suppose  that  in  either  case,  sea  sand  is  not  prejudicial.  For 
internal  plastering,  sea  sand  is  eyidently  unfit,  on  account  of  the  moisture 
which  keeps  exuding  from  it,  disfiguring  its  appearance,  and  making  the 
room  plastered,  damp  and  unwholesome. 

From  the  conflicting  opinions  on  the  subject  of  sand  we  may  conclude— 

l$t,  Thatin  making  ordinary  mortar,  our  present  knowledge  and  expe- 
rience would  not  justify  any  great  expense,  in  order  to  procure  sand  of 
any  particular  colour  or  grain,  or  from  any  particular  source.  But  that, 
generally,  sand  either  too  coarse  or  too  fine  should  be  ayoided. 

2nd,  That  for  ordinary  buildings  we  should,  if  possible,  use  riyer  or 
pit  sand  in  preference  to  sea  sand.  But  if  any  great  saying  is  effected  by 
using  the  latter,  we  should  not  hesitate  to  do  so ;  taking  the  precaution 
to  wash  it  carefully  first. 

dn^.    That  for  hydraulic  building,  sea  sand  is  just  as  good  as  any  other. 

4th.  That  in  all  cases,  it  is  worth  whOe  to  take  pains  to  clean  the 
sand  before  using  it,  or  to  make  sure  that  it  is  clean. 

The  great  rule  in  mixing  mortar  is  to  see  that  the  lime  and  sand  be 
thoroughly  and  intunately  amalgamated.  According  to  some  writers, con- 
tinual working  and  beating  is  also  essential  to  the  making  of  good  mortar ; 
this,  howeyer,  is  doubtfol.  The  ingredients  may  be  mixed  by  hand  or  in  a 
pug-mill,  or  what  is  best  of  all,  under  a  wheel  or  stones  reyohing  on  edge. 

119.  It  is  common  in  this  country  to  mix  a  small  quantity  of  the 
coarsest  sugar  (gur  or  ^'jaghery,"  as  it  is  termed  in  Madras),  with 
the  water  used  for  working  up  mortar.  Where  fat  limes  alone  can  be 
procured,  their  bad  qualities  may  be  in  some  degree  corrected  by  it,  as 
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its  inflQence  is  very  marked  in  the  first  solidification  of  the  mortar. 
Captain  Smith  attributes  the  fact,  that  mortars  made  of  calcined  shells 
have  stood  the  action  of  the  weather  for  centuries,  to  this  mixture  of 
^'  jaghery  "  in  their  composition.  He  made  experiments  on  bricks  joined 
together  by  mortar  consisting  of  1  part  common  shell  lime  to  1^  sand. 
One  pound  of  jaghery  was  mixed  with  each  gallon  of  the  water  with 
which  the  mortar  was  mixed*  The  bricks  were  left  18  years ;  and  after 
that  time,  the  average  breaking  weight  of  the  joint  in  20  trials  was  6^  lbs. 
per  square  inch.  In  21  specimens  joined  with  the  same  mortar,  but 
without  jaghery,  the  breaking  weight  was  4^  tt>s.  per  square  inch.  In 
the  jaghery  mortars,  the  cohesion  and  adhesion  were  nearly  equal ;  in 
the  others  tlie  former  was  near  double  the  latter.* 

120.  On  Applying  Mortar.— The  first  great  point  to  be  attended  to 
in  applying  mortars,  is  the  necessity  of  thoroughly  wetting  the  materials 
to  be  joined ;  and  this  is  a  point  too  frequently  neglected.  If  the  mois- 
ture be  suddenly  drawn  off  any  hydraulic  mortar,  it  will  not  harden. 
Now,  dry  bricks  and  most  stones  absorb  a  large  proportion  of  water,  so 
that  if  mortar  be  applied  to  the  dry  surface  of  a  brick  and  another  pressed 
on  it,  the  whole  of  the  moisture  will  be  squeezed  out  of  the  mortar  and 
taken  up  by  the  bricks ;  and  the  mortar  itself  wUl  crumble  into  powder. 
Whereas,  if  the  brick  be  already  thoroughly  wetted,  it  will  be  able  to 
absorb  no  more  moisture,  and  the  mortar  will  set  as  it  ought. 

With  many  compact  stones,  such  as  granite,  marble,  &c.,  it  will  be 
sufficient  to  water  the  surface  at  the  moment  of  using  them.  But  porous 
materials,  such  as  sandstone  and  bricks,  should  be  allowed  to  soak  in 
water  for  some  hours  before  use.  In  a  series  of  experiments  on  English 
bricks,  weighing  from  5^  to  6  fibs.,  the  ayerage  absorption  of  water  was 
12  oz.  per  brick ;  and  some  large  bricks  at  Boorkee,  weighing  11  tt>s. 
when  dry,  were  found  to  absorb  2  fibs,  of  water  in  24  hours  immersion. 
In  a  climate  like  that  of  this  country,  where  there  is  so  much  eyaporation, 
this  point  should  be  especially  attended  to. 

The  next  requisite  in  applying  mortar  is,  that  the  mortar  should  be  as 
stiff  as  it  can  be  used,  without  inconyenience,  and  without  danger  of  all 
the  uneyennesses  of  the  joints  remaining  unfilled  when  the  bricks  are 
forced  home. 

The  third  requisite  is  to  preyent  rapid  drying  of  the  mortar  after  it  has 

.     •  Proteailonal  Pspen,  MiuirM  BngiMen,  yol.  ly. 
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been  applied.    This  point  has  already  been  alluded  to,  and  Table  IV. 
gives  the  resnlt  of  Vicat's  observations  on  the  subject. 

121 .  Morijar  which  is  exposed  to  the  action  of  frost  before  it  has  set, 
is  so  much  damaged  as  to  impair  entirely  its  properties.  In  building 
therefore,  when  the  approach  of  frost  is  to  be  looked  for,  the  foundations 
and  the  walls  up  to  at  least  3  feet  above  the  ground,  should  be  laid  in 
hydraulic  mortar,  which  will  set  rapidly ;  as  the  action  of  the  frost  is 
severest  at  the  ground  level.  Daring  severe  frosts,  all  building  should, 
if  possible,  be  suspended.  If  the  walls  are  very  thick,  the  interiors  will 
generally  be  protected  from  the  cold,  and  it  will  be  enough  to  lay  and 
point  the  exterior  joints  with  cement  or  superior  mortar. 

122.  Mortar  is  sometimes  applied  in  a  form  termed  grouting,  that  is, 
mixed  with  an  excess  of  water,  and  poured  liquid  into  the  joints  of  the 
masonry.  Colonel  Raucourt  de  Gharleville  found  that  good  grouting 
could  be  made  of  eminently  hydraulic  lime  and  fine  sand  mixed  with  water, 
and  poured  immediately  into  the  joints ;  it  hardened  instantly  without 
shrinking,  and  solidified  all  its  water.  Smeaton  formed  an  excellent 
grouting  of  equal  parts  of  lime  and  puz2uolana.  Grouting  is,  however, 
not  approved  of  by  all  Engineers.  Col.  Scott  thus  remarks  of  it — "  If 
the  joints  of  a  work  are  not  properly  flushed  up  undoubtedly  grouting  is 
of  great  advantage,  especially  when  dry  bricks  are  employed  in  work  but 
the  strength  of  grout  cannot  at  all  compare  with  that  of  good  stiff  mor- 
tar ;  for  grout  when  the  water  dries  out,  is  merely  very  porous  mortar, 
and  the  more  fluid  the  grout,  the  weaker  the  work  will  be." 

123.  Ooncretes. — Concrete  is  a  composition  of  small  stones,  bricks 
or  rubble,  and  sand,  with  lime  (ground  to  powder),  generally  in  the 
proportions  of  from  ^th  to  -^th  of  lime  to  1  of  the  mixture  of  rubble  and 
sand.  After  the  ingredients  are  thoroughly  mixed,  and  w^ter  has  been 
added,  the  concrete  hardens  into  a  solid  mass. 

124.  Some  authors  draw  a  distinction  between  concrete  and  b^ton: 
regarding  beton  as  being  made  with  hydraulic  mortar  :  and  concrete  pre- 
pared from  non-hydraulic  limes.  Others  again  consider  the  difference  to 
be  in  the  mode  of  mixture  :  when  the  cement  or  lime  is  first  mixed  with 
sand,  and  treated  as  a  mortar  before  being  incorporated  with  stone  or 
gravel,  it  is  termed  be'ton  :  and  when  that  preliminary  operation  is  omit- 
ted, it  is  called  concrete.  Beton  may  thus  be  said  to  be  the  French  process, 
while  concrete  is  the  analogous  but  clumsy  operation  as  orginally  followed 


CONCRETKS   AND  TLASTERS.  153 

in  England.     But  such  distinctions  are  too  nice  for  practical  purposes, 
and  the  names  concrete  and  beton  may  be  considered  sjnonymoiis. 

125.  Concrete  should  not  be  made  from  rich  limes,  nnless  snch  are 
improved  bj  being  combined  with  powdered  brick,  puzznolana,  &c.  If 
however  circumstances  compel  the  use  of  rich  lime,  it  must  be  reduced 
to  the  finest  powder  by  slaking  or  grinding,  and  evenly  sifted  through  a 
very  fine  sieve :  then  mixed  with  a  proper  proportion  of  aggregate 
(gravel,  sand,  <&c.),  and  wetted  not  over  much,  but  sufficiently  for  its 
complete  conversion  into  a  hydrate.  The  rough  process  of  taking  rich 
lime  fresh  from  the  kiln,  mixing  it  with  the  aggregate,  and  then  wetting 
and  turning  over  both  together  by  manual  labour,  cannot  so  thoroughly' 
effect  the  reduction  of  the  lime  as  to  prevent  the  presence  of  large  pieces 
of  it  in  an  unslaked  condition,  which  will  eventually  prove  highly  prejudi- 
cial to  the  mass  of  concrete.  Such  a  mode  of  manufacture  should  not 
therefore  be  resorted  to.  The  poor  or  hydraulic  limes  are  better  adapted 
for  concrete  purposes,  in  consequence  of  the  amount  of  silica  which  they 
contain.  They  also  require  to  be  reduced  to  the  finest  powder  by  grind- 
ing or  slaking  (a  No.  40  gauge  sieve  should  be  used).  Such  finely 
powdered  lime  can  be  kept  for  a  long  time  if  packed  in  well  made  paper- 
lined,  barrels,  guarded  from  the  air,  and  kept  dry. 

126.  In  all  concretes  it  is  necessary  to  adjust  the  proportions  of 
lime,  sand  and  gravel,  so  that  no  vacuities  will  occur  in  the  mixture. 
With  an  aggregate  of  an  average  size  of  2  inches,  it  will  be  found  that  in 
every  cubic  yard,  there  will  be  vacuities  equal  to  eleven  cubic  feet,  so  it  is 
necessary  that  the  mortar  should  be  equal  in  quantity  to  that  interstitial 
space.  The  results  of  experiments  seem  to  show  that  the  best  results  are 
produced  when  the  size  of  the  pieces  of  aggregate  is  a  minimum.  Major 
J.  Browne,  R.E.,  after  building  many  arches,  &c.,  of  concrete  on  the  Kan- 
gra  valley  roads,  recorded  his  opinion  that  concrete  in  the  form  of  mortar 
without  stone,  would  be  in  the  long  run  the  best  and  strongest,  but  it 
would  take  much  longer  to  set :  and  Mr.  J.  E.  Tanner's  experiments  (for 
concrete  arching  on  the  Sirhind  canal)  appears  to  corroborate  this  view.* 
Goignet's  beton  agglomere  which  has  been  used  extensively  for  houses^ 
churches,  arches,  the  Paris  sewers,  <&c.,  is  a  concrete  in  which  no  stone  or 
gravel  is  used,  and  the  largest  piece  of  sand  is  no  larger  than  a  pea.  In 
the  Thames  embankment,  it  was  made  and  used  in  the  following  manner : — 

*    fuu  para.  130, 
VOL.  I.— THIRD  EDITION.  X 
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Stone  lime  was  nsed,  and  after  being  slaked  with  water,  it  was  passed  thnrngh  an 
exceedingly  fine  sieve :  the  necessary  qnantity  of  Portland  cement  (a  flactnating 
quantity  according  to  quality  of  the  work  and  Ite  cost)  was  added,  with  a  fine  sharp, 
clean  river  sand.  The  whole  was  then  pnt  into  a  specially  constructed  pug-mill, 
with  the  smallest  quantity  of  water,  and  tiioronghly  amalgamated.  From  the  pug- 
mill  it  was  at  once  wheeled  in  barrows  to  the  destined  part  of  the  work,  and  there 
spread  in  layers  of  about  6  inches  deep,  being  carefully  raked  and  slightly  rammed. 
The  works  in  question  were  executed  during  the  winter,  and  although  under  such 
unfavourable  circumstances,  the  centres  upon  which  it  was  placed  were  struck  in  leas 
than  14  days  without  any  damage  to  the  arches.  The  appearance  of  the  work  was 
pleasing,  and  closely  resembled  some  varieties  of  Bath  stone  in  texture. 

137.  Lime  has  been  used  in  conjunction  with  puzzuolanas,  trass,  and 
pounded  brick  for  concretes  for  a  long  period  of  time,  more  especially  in 
works  of  a  subaqueous  character ;  but  rich  limes  are  more  improved  by 
such  mixture  than  the  poor  or  hydraulic  ones ;  indeed  in  the  case  of  the 
best  poor  limes  it  is  unnecessary. 

General  Treussart  recommends  the  following  proportions  by  measure 
for  b^ton  :-— 

For  Fbr  mora 

wdinaxy       important 
work.  work. 

Obemai  quick-lime,       .••        *80  «d0 

Sandy       •••        *••        •••        •••        •••        ••*  *75  *65 

Hydraulic  cement,*       •••        •• 0  '20 

Oravel,     •••        •••        •••        ••»        •••        •••  *26  *25 

Stone  chips,        '50  *50 

The  b^ton  was  thus  made  in  heaps  of  1*80  parts,  which  on  being  mixed 
sustained  a  diminution  of  ^th  or  ^th  their  bulk.  Each  heap  contained 
about  64  cubic  feet  of  materials  ;  the  mortar  was  made  first,  and  required 
4  men  to  make  it,  the  stones  and  gravel  being  added  to  it. 

The  following  also  are  mixtures  extensiyely  used  by  him  : — 

«  No.  1.  No.  s. 
Hydraulic  lime,  veiy  energetic,  measnied  in  bulk  before 

slaking,                   30  83 

Trass  from  Andemacfa, 30  0 

Fuzznolana  from  Italy, •        ••        ••  0  45 

Sand,        30  22 

Broken  hard  limestone,  ••        ..        ••        .•        ••  40  60 

The  first  mixture  required  to  be  used  at  once,  the  second  required 
exposure  for  12  hours  before  being  but  in  place. 

These  combinations  are  not  of  much  practical  yalue  in  this  country, 
from  the  scarcity  of  the  volcanic  products,  but  will  serve  as  a  guide  where 

*  By  EpdratMc  ument,  TreoiNrt  appean  to  have  meant  tran*  or  puonolana,  which  was  only 
added  when  there  was  not  time  for  the  lime  co  set  before  being  exposed  to  wet 
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it  is  intended  to  use  thns  artificial  equivalents  in  the  shape  of  burnt  clays, 
or  some  such  analogous  mineral  substance. 

Boman  cement  from  its  quick  setting  properties  is  unsuited  for  use  in 
concrete  for  ordinary  house  building,  but  owing  to  this  very  property,  it 
is  frequently  employed  in  the  preparation  of  concrete,  where  much  run- 
ning water  in  foundations  prevents  lime,  or  Portland  cement^  concrete 
from  setting  quickly  enough  for  such  works.  It  cannot  be  used  with  a 
large  proportion  of  aggregates,  and  is  therefore  seldom  used  for  general 
concrete  purposes.  When  Boman  cement  is  used,  it  should  be  powdered 
dry  on  to  the  aggregate,  (1  part  of  cement  to  4  of  aggregate,)  and  the 
mixture  should  be  carefully  wetted  by  a  light  spray  of  water;  no  ram* 
ming  being  allowed,  as  the  action  of  the  rammer  would  disturb  the 

■ 

indurating  action  which  speedily  sets  in. 

In  all  cases  where  practicable,  preference  should  be  given  to  Portland 
cement  concretes.  The  proportion  of  cement  to  aggregate  varies  very 
much.  In  the  London  main  drainage  works,  where  special  excellence, 
regardless  of  cost  was  aimed  at,  the  cement  of  the  finest  quality  was  used 
with  only  1  of  sand  to  1  of  cement.  In  the  sea  forts  of  Copenhagen  the 
following  proportions  were  used  : — 

1  part  Portland  cement, 
4    „    sand, 
16    „    fragments  of  stone. 

A  very  usual  proportion  for  foundations  is  1  part  of  cement  to  10  of 
sand  or  gravel.  In  the  absence  of  machines  for  mixing  the  material,  the 
usual  plan  adopted  is  to  spread  the  stones  or  gravel  on  a  hard  surface, 
and  thoroughly  saturate  this  aggregate ;  then  upon  these  is  spread  a 
layer  of  the  previously  prepared  mortar  in  the  agreed  proportions ;  the 
necessary  amount  of  water  is  added  and  the  whole  mass  then  carefully 
mixed  and  turned  with  rakes  and  hoes,  and  then  rammed  incessantly  with 
heavy  iron  rammers,  until  the  mass  is  absolately  solid.  But  in  large 
works  it  is  now  customary  to  perform  the  operation  of  mixing  by  ma- 
chines. It  must  be  borne  in  mind  that  when  concrete  is  to  be  used  in 
trenches,  it  should  never  be  tipped  from  a  height,  but  placed  gently  in 
position  and  carefully  levelled.  The  old  practice  of  throwing  cement 
from  a  height  was  attended  with  injury  to  the  mixture  from  the  tendency 
of  the  larger  pieces  of  gravel  to  detach  themselves  from  the  mass  while 
being  tipped. 
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128.  B^ton  as  used  in  France  for  snbaqueoas  work  is  generally  made 
and  lowered  into  the  water  in  a  box,  so  constmcted  that  it  can  be  opened, 
and  its  contents  discharged  by  pulling  a  cord,  so  as  to  deposit  the  b^ton 
on  the  bottom  without  allowing  it  to  fall  through  a  depth  of  water  which 
might  wash  away  the  lime.  The  box  should  be  lined  with  a  casing  of 
tarred  canvas,  a  large  bag  in  fact,  which  remains  round  the  beton  after 
the  box  has  been  remoyed.  Sheet  piling  ought  to  be  built  all  round  to 
protect  the  fresh  work  from  the  action  of  the  water,  as  this  is  quite  es- 
sential. In  India,  b^ton  has  been  much  used  in  filling  in  the  well  cylin- 
ders forming  the  piers  of  so  many  of  the  Railway  Bridges,  the  beton 
being  lowered  in  an  iron  skip^  which,  on  touching  the  bottom,  opens  out 
and  discharges  its  contents. 

B^ton  has  been  employed  on  a  very  large  scale  by  the  French  in  the 
harbour  works  at  Algiers.  Masses  were  sunk  in  caissons  lined  with  tar- 
red cloth  of  from  2,000  to  6,000  cubic  feet  each.  Blocks  also  as  large  as 
1,765  cubic  feet  were  made  in  moulds  on  the  shore,  and  sunk  after  being 
set.  The  composition  of  the  former  was,  1  part  of  rich  lune  to  2  parts  of 
Italian  puzzuolana.  For  the  blocks  set  on  shore,  sand  was  mixed  in 
equal  quantities  with  the  puzzuolana.  The  point  was  fully  established 
at  Algiers  that  blocks  of  b^ton  haye  sufficient  strength  to  resist  the 
heayiest  seas  without  injury,  and  that  they  form  an  indestructible  mass. 
These  blocks  were  found  immovable  when  above  353  cubic  feet  in  size. 
M.  Poirel  has  thus  summed  up  the  advantages  of  this  style  of  subaqueous 
foundation — *'  1st,  Immediate  stability  whilst  ordinary  rubble  work  is 
never  secure;  2nd,  Incomparably  greater  facility  in  the  carriage  of 
materials,  generally  so  troublesome  and  expensive  when  blocks  have  to 
be  quarried  exceeding  100  cubic  feet ;  3rd,  A  considerable  reduction  in  the 
sectional  area  of  the  pier,  and  consequently  a  remarkable  saving  of  cost ; 
4th,  That  the  system  is  everywhere  applicable,  now  that  our  advanced 
knowledge  of  the  subject  of  hydraulic  mortars  enable  us  to  make  b^ton 
in  every  locality."* 

129.  Engineers  often  look  on  foundations,  and  such  works  as  we 

*  sir  John  Bennle  does  not  oonrider  with  If.  Poirel,  that  inbmarine  fonndatlons  of  concrete  of 
b^n  Uook  are  toy  better  than  thoee  laid  jvierre  perdue,  that  la,  by  throwing  In  Uodn  of  stone  at 
random.  The  qnertion  wonld  then  be  which  wonld  be  the  cheapest ;  and  this  of  coone  mnst  rary 
with  locality.  At  Algiers  it  appeaivd  bAton  was  cheaper  than  itone-work ;  and  it  is  very  important 
to  know  that  in  lOch  oases  it  would  at  least  answwas  well,  if  no  better.  See  Rennie*B  "  Treatise  on 
Harbours." 
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have  mentioned  in  the  last  para.,  as  being  the  only  legitimate  field  for 
the  use  of  concrete..  It  has,  however,  been  used  for  very  different  objects. 
Whole  bnildings  have  been  eonstmcted  of  concrete  ;  sea  and  wharf  walls, 
towers,  church  pillars,  and  even  the  piers  and  arches  of  bridges.  It  has 
been  asserted  that  the  pyramids  of  Egypt  are  built  of  artificial  blocks 
of  stone,  composed  of  small  stones  and  lime.  The  Romans  used  it  for 
many  of  their  great  public  buildings,  such  as  the  palace  of  the  Emperors, 
the  Colosseum,  and  many  of  their  aqueducts  and  theatres. 

Treussart  considers  concrete  admirably  adapted  for  all  works  where 
dryness  or  water-tightness  are  of  consequence,  such  as  grain-cellars, 
magazines,  casemates,  aqueducts,  &c. 

Concrete  may  be  thus  used,  either  by  making  it  in  moulds  into  great 
artificial  blocks  of  stone,  and  -using  them  when  hardened,  as  ordinary 
large  stones  are  in  masonry ;  or  walls  may  be  built  of  fresh  concrete 
rammed  tight  between  frames,  like  pis^  work.  One  very  strong  argument 
in  favour  of  block  making,  is  the  advantage  of  ascertaining  the  quality  of 
the  concrete  before  it  is  placed  in  position ;  an  advantage  not  secured  by 
frame  building,  which  necessitates  the  uninterrupted  continuance  of  the 
work,  which  if  executed  with  a  bad  quality  of  cement,  would  entail  heavy 
loss.  The  quantity  of  cement  required  for  blocks  is  less  than  that  which 
must  be  used  in  the  monolithic  mass. 

The  Italians  made  concrete  blocks  4  feet  8  inches  X  2  feet  8  inches, 
which,  aft^r  being  buried  under  ground  for  2  or  8  years  attained  great 
hardness,  and  were  used  in  the  angles  of  the  fortifications  of  Alessandria. 

ISO.  Concrete  arches. — Near  Barcelona,  is  a  bridge  consisting  of  2 
rows  of  arcades  placed  one  on  another,  150  feet  high,  and  700  feet  long, 
composed  entirely  of  concrete.  At  Qrisoles,  in  the  South  of  France,  a 
canal  bridge  was  built  of  the  same  substance  (2  parts  hydraulic  lime  to  3 
parts  of  sand,  and  5  parts  of  gravel  stones)  of  89^  feet  span,  5^  feet  rise, 
and  19f  feet  broad.  The  abutments,  spandrels,  arches,  &c.,  were  all  of 
concrete ;  the  only  exception  being  that  the  comers  of  the  abutments, 
beneath  the  bridge,  were  faced  with  stone  to  receive  the  rubbing  of  the 
towing  ropes,  and  that  the  angles  where  the  intrados  meets  the  two  faces 
of  the  bridge  are  of  brick.  The  excavation  of  the  foundations  began 
June  15th,  1840,  and  the  last  piece  of  centering  was  removed  from  the 
structure  on  January  25th,  1841. 

An  experimental  bridge  arch  of  75  feet  span  and  7^  feet  rise,  made 


158  LINES,    CBHBNT8,   MORTARS, 

entirely  of  concrete,  was  a  few  years  ago  constracted  over  the  Metropo- 
litan Railway  (London),  and  has  proved  qnite  snccessfnl.  The  concrete 
was  8^  feet  thick  at  the  crown  of  the  arch,  increasing  towards  the 
haunches,  which  ahut  upon  concrete  skew-backs.  The  concrete  was 
composed  of  6  parts  gravel  to  1  of  Portland  cement;  carefolly  laid  in  mass 
upon  close  boarding  set  upon  the  centering,  and  enclosed  at  the  sides. 
The  following  is  extracted  from  Engineenng  of  25th  December,  1868. 

"  The  amount  of  concrete  employed  in  the  bridge  was  about  4,800  cubic  feet,  which, 
weighing  one  hundred  weight  and  a  quarter  per  cubic  foot,  derelopea  a  gross  weight 
of  800  tons  from  the  structure  alonot  The  centre  of  gravity  in  the  half  spaa  being 
16  feet  6  inches  from  the  abutment,  the  weight  of  the  same  150  tons,  and  the  rise  of 
the  arch  7  feet  6  inches,  the  thrust  at  the  crown  is  equal  to  880  tons. 

**  The  arch  being  8  feet  6  inches  deep  in  the  centre,  and  12  feet  wide,  a  sectional 
area  of  42  square  feet  is  available  to  resist  the  thrust,  which  is  oonsequently  equal  to 
7  tons  17  cwts.  per  square  foot  The  additional  strain  imposed  upon  the  bridge  per 
foot  run  for  every  ton  of  distributed  load  is  equal  to  2}  tons  per  square  foot,  and 
the  maximum  strain  for  a  rolling  load,  is  about  8^  tons  per  square  foot,  when  the 
load  is  at  five-eighths  of  the  span. 

**  From  these  trials,  it  is  fair  to  assume  that  a  thoroughly  well-constructed  arch  of 
concrete  is  absolutely  stronger  than  a  similar  one  of  brick  ;  but  in  practice  the  danger 
arises  that  it  would  be  difficult  to  ensure,  so  high  a  quality  of  concrete  as  tbat  em- 
ployed in  the  present  instance,  and  the  proper  supervision  of  the  contractor's  work 
by  the  engineer  would  be  almost  impossible  in  structures  of  this  material,  whilst  the 
inspection  of  brickwork  is  an  easy  matter. 

"  The  utter  uselessness  of  inferior  concrete  was  shown  by  the  failure  of  the  bridge, 
which  was  previously  erected  on  the  site  of  this  present  one,  which  yielded  under 
its  own  load  when  the  centres  were  struck  ;  whilst  this,  made  with  Portland  cement^ 
and  laid  with  all  the  care  the  contractors  could  exereise,  was  altogether  a  special 
piece  of  work.  It  is  not,  therefore,  by  any  means  to  be  inferred  that  it  would  be  safe 
to  snbstitnte  concrete  for  brickwork  under  ordinary  circumstances ;  but  now  we  know 
that  we  can  rely  upon  the  material  whenever  exceptional  conditions  render  its  adop- 
tion expedient  or  imperative. " 

Major  James  Browne,  B.E.,  when  in  charge  of  the  Eangra  valley  roads, 
used  concrete  for  the  arches  of  all  culverts  up  to  10  feet  span,  and  built 
also  a  40  feet  span  bridge  of  the  same  material.  In  the  Kangra  valley 
ordinary  arch  work  cost  from  Rs.  20  to  Bs.  40  per  hundred  cubic  feet; 
while  the  rate  for  concrete,  for  arches  of  any  size  amounts  only  to  Rs.  9 
per  100  cubic  feet.  Major  Browne  recommends  that  all  arches  should  be 
elliptical  and  not  segmental ;  as  in  a  segmental  arch  the  stones  work 
down  from  the  ramming  into  the  corner  formed  between  the  arch  and  the 
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abutting  block,  (as  shown  in  sketch),  and  the  mortar  of  the  concrete 

works  up.  The  best  results  in  his  ex- 
periments were  obtained  from  the  fol- 
lowing ingredients — 1  lime,  2  sand,  4| 
stones,  the  sand  being  pure  washed 
river  sand,  composed  chiefly  of  granite 
particles,  the  lime  being  from  boulder 
lime  stones,  and  the  stone  broken 
granite ;  surJ^i  however  in  the  concrete  while  delaying  the  hardening^ 
gave  more  tenacity  than  obtained  from  sand  :  broken  arches  giving  slowly 
and  seeming  to  tear ;  while  those  built  with  sand  often  during  his  ex- 
periments broke  at  once  without  giving  a  sign.  These  Kangra  valley 
concrete  arches,  when  8  feet  in  span,  and  1  foot  thick  at  crown,  bore 
before  breaking  1,863  lbs.  per  square  foot  of  roadway. 

With  a  view  to  deciding  as  to  the  advisibility  of  using  concrete  monoli- 
thic arches  for  the  superpassages  of  the  new  Sirhind  canal,  experiments 
were  made  by  Mr  J.  E.  Tanner,  G.E.,  on  concretes  formed  of  stone  lime 
from  the  Punjab  hilh,  kankar  lime  from  Ludhi^na,  Sutlej  river  sand, 
and  brick  broken  small  to  pass  through  |-inch  rings.  With  these  ma- 
terials a  brick  arch  45  feet  span,  3  feet  thick  at  crown,  was  built  as  a 
sample  for  bridges ;  and  a  roof  9  inches  thick  at  crown,  1  foot  rise,  and 
15  feet  span  was  built  of  concrete,  composed  of  1  part  of  stone  lime,  1 
part  hankar^  3  parts  brick  gravel.  The  latter  bore  380  lbs.  per  super- 
ficial foot  before  it  broke.  The  results  of  the  experiments  showed  that 
the  concrete  made  of  the  small  was  undeniably  stronger  than  that  made 
with  large  material,  and  that  the  more  it  was  consolidated,  the  stronger 
it  became :  also  that  the  amount  of  water  used  very  much  effects  the  re- 
sults, for  if  too  much  water  be  used,  the  concrete  cannot  be  consolidated. 
131.  Concrete  has  also  been  used  in  building  three  and  four- storied 
houses  without  crushing ;  so  little  has  to  be  feared  from  it  ou  that  score. 
One  great  advantage  about  concrete  structures  is  the  cheapness  with  which 
they  can  be  made.  While  modem  art  has  very  much  facilitated  almost  all 
other  kinds  of  work  by  the  use  of  mechanical  contrivances,  brickwork 
still  remains  as  completely  as  ever  hand  labour,  requiring  skilled  workmen, 
and  taking  a  long  time  to  execute.  Now,  by  substituting  concrete  for 
brick  and  stone  masonry,  we  do  away  with  this  necessity  for  skilled  and 
consequently  expensive  workmen ;  as  any  ordinary  labourers  can  mix  the 
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ingredients  and  ram  them  down  when  mixed.  This  is  not  so  much  felt  in 
India  where  manual  lahour  is  so  cheap,  as  in  Europe ;  although  here  too, 
in  many  cases  of  extensive  works,  much  money  might  probably  be  saved 
by  it.  It  was  recommended  to  be  used  for  the  projected  weir  across  the 
Ganges,  by  the  Ganges  Canal  Committee  in  their  Report  of  1866. 

It  must  be  remembered,  however,  that  artificial  stones  made  of  con- 
crete must  be  protected  from  the  frost  until  the  mortar  has  thoroughly 
set ;  and  generally  speaking,  concrete  blocks  appear  eminently  unsuita- 
ble  for  situations  in  which  by  constant  collisions,  pebble  after  pebble 
may  be  detached. 

182.  On  Plasters. — It  may  be  laid  down  as  a  principle  that  good 
masonry  composed  of  well  burnt  bricks  and  good  mortar,  requires  in  gene- 
ral no  plaster  either  to  preserve  or  beautify  it.  A  good  builder  will  take 
pride  in  his  brickwork,  and  will  be  sorry  to  see  it  covered  up  as  an  un- 
slightly  thing.  This  principle  has  been  too  much  lost  sight  of  in  India, 
although  there  has  been  lately  a  great  improvement  in  this  respect ;  and 
the  works  on  the  Baree  Doab  Canal,  on  the  Railways  and  elsewhere,  show 
how  little  good  masonry  requires  such  embellishment.  Many  seem  to 
attach  the  idea  of  want  of  finish  to  unplastered  masonry.  And  some,  who 
may  be  supposed  not  to  object  to  the  appearance  of  red  brick  and  white 
mortar  joints,  yet  believing  implicitly  in  the  necessity  of  plaster,  try  to 
produce  a  pleasing  effect  by  the  contemptible  sham  of  painting  their  plas- 
ter to  look  like  brickwork  I  There  are,  however,  many  cases  in  which  it 
is  quite  legitimate  to  use  plaster.  If  the  building  is  not  one  of  great 
importance,  or  if  the  masonry  is  not  intended  to  be  exposed  to  any  un- 
usual stress,  the  saving  in  India  is  so  great  by  using  underbumt  bricks 
in  place  of  pakkd  ones,  or  by  using  mud  in  place  of  mortar,  that 
houses  are  constantly  built  of  this  description,  and  with  such  it  is  ne- 
cessary to  use  plaster.  Occasionally,  too,  buildings  are  so  ornate  that 
there  is  nothing  more  incongruous  in  plastering  the  outsides  than  in 
plastering  the  insides  of  ordinary  houses.  There  are  some  beautiful 
examples  of  this  in  native  architecture,  as  in  Lucknow  and  elsewhere. 

This  is  not  the  place  to  discuss  whether  it  is  true  architecture  to  copy 
buildings  from  classical  models,  substituting  bricks,  and  wooden  lintels  for 
massive  blocks  of  stones.  If  it  is,  assuredly  such  buildings  should  be  plas- 
tered. It  would  however  be  difficult  to  find  any  order  or  style  of  architec- 
ture, in  its  best  days,  intended  to  be  carried  out  by  plastered  brickwork. 
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Plaster  should  be  used  when  there  is  any  object  in  having  the  surface 
of  the  brickwork  smooth ;  as  in  the  case  of  a  brick  Tault,  or  arched 
roof.  If  the  ontside  were  left  nnplastered,  rain  would  penetrate  through 
the  finest  joints ;  and  in  such  a  case  plaster  is  employed,  not  so  much 
to  protect  the  masonry  as  to  oppose  a  smooth  surface  instead  of  a  rough 
one,  for  the  water  to  run  off.  Lastly,  in  all  common  masonry,  interiors 
of  rooms,  &c.,  are  plastered. 

188.  Outside  plaster  in  this  country  differs  Tery  little  in  its  nature 
from  ordinary  mortar  used  in  building.  As,  however,  less  strength  is 
required  of  plaster  than  of  mortar,  it  is  usual  to  mix  a  larger  proportion 
of  sand  or  Hirhhi  with  the  lime.  The  presence  of  the  sand  also,  as  stated 
in  para.  97,  is  positively  beneficial  up  to  a  certain  point,  as  it  diminishes 
the  shrinkage  of  the  plaster  in  drying.  In  England  a  much  laiger  pro- 
portion of  sand  is  generally  used  with  the  lime  than  in  this  country ;  pro- 
bably because  the  lime  is  much  more  carefully  made,  and  the  ingredients 
more  carefully  mixed.  As  mentioned  before,  great  caution  should  be 
used  to  mix  plaster  with  fresh  water,  and  fresh  water  sand  only,  as  the 
presence  of  any  salt  will  cause  constant  damp  on  the  walls. 

The  following  directions  were  given  by  Colonel  Sir  P.  T.  Gautley,  rela- 
tive to  the  plastering  of  the  Solani  aqueduct.  The  plaster  as  may  be 
supposed  from  the  materials  used,  is  very  good,  but  also  very  expensive : — 

lit  Flafltering  consists  of  three  coats  or  layers,  the  first  of  which  is  called 
''chuna,*'  and  is  composed  of  1)  parts  of  stone  lime  to  one  part  of  nrfc^,  well 
mixed  with  tanni  (hemp),  cnt  in  small  pieces,  and  beat  down  with  the  miitrVs 
wooden  thapL    This  coat  is  laid  on  as  thin  as  poesible. 

2nd.  The  second  coating  is  called  <<Bandalla,"  and  is  composed  of  2  parts  of 
stone  lime  to  1  part  of  surk^,  finely  sifted,  (bnt  withoat  the  miztnre  of  sanwiy)  to 
be  laid  on  veiy  thin,  beat  down  a  little  and  smoothed  ofE. 

3rd.  The  third  coating  is  called  «  rang,"  and  consists  of  7  parts  of  best  unslaked 
lime  (phul)  to  1  of  the  very  best  and  reddish  coloured  jvrftAi,  finely  sifted.  This  is 
pnt  into  a  large  earthen  ndnd  filled  with  water :  it  is  then  mixed  np  well  with  the 
hand,  and  strained  through  a  fine  cloth  into  a  common  water  hdndi,  and  allowed  to 
settle  for  a  few  hours :  after  which  the  water  on  the  top  is  removed,  and  the  mixture 
at  the  bottom  becomes  the  rang,  which  is  laid  over  the  plaster  with  a  bmsh,  and 
polished  off  with  a  r^j  mistrVi  little  trowel  or  kamL 

184.  In  England,  when  plaster  is  to  be  laid  in  two  or  three  coats, 
much  stress  is  placed  on  scratching  the  first  coat  while  moist  with  a  suc- 
cession of  lines  crossing  each  other  like  trellis  work,  so  as  to  form  a  rough 
surface  to  which  the  second  coat  may  adhere.  In  this  country  plaster  is 
generally  consolidated  by  being  patted  for  some  time  with  a  small  wooden 
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mallet  termed  a  '^  thftpi ;"  a  long  and  tediouB  operation.  For  interiors  it 
is  sufficient  to  'Afloat"  the  plaster,  that  is  to  lay  it  on  yery  moist,  and 
smooth  it  bypassing  a  straight  edge  in  different  directions  oyer  its  sorfaoe. 

A  common  mixture  for  coarse  plaster  in  English  interiors  consists  of 
8  cubic  feet  of  mortar,  made  of  equal  parts  of  lime  and  fine  sand  mixed 
with  1  &>.  of  clean  ox  hair.  For  an  upper  coating,  fine  white  lime  mixed 
with  a  yery  small  quantity  of  hair  is  used,  without  sand  at  all.  The  lime 
used  is  slaked  with  a  great  deal  of  water,  and  run  out  into  a  basin,  where 
the  water  eyaporates  leaying  a  creamy  paste. 

ISffa  Oypsam. — Whereyer  gypsum  can  be  obtained  easily  in  Europe, 
it  is  used  exclusiyely  for  plaster.  It  is  commonly  termed  *^  Plaster  of 
Paris,"  as  it  is  found  in  great  quantities  near  that  city.  It  is  quarried  in 
large  blocks,  burnt  at  a  low  heat,  reduced  to  powder,  and  carefully  pro- 
tected from  the  air,  as  it  absorbs  moisture  with  great  ayidity ;  when  mixed 
with  water  it  increases  in  yolume.  The  extent  of  the  burning  should  be 
such  that  I  of  the  contained  water  should  be  driyen  off.  If  the  gypsum 
be  oyor-bumed  it  becomes  anh^raua  mdphate  which  will  not  set  again  on 
addition  of  water.  The  proper  degree  of  burning  is  between  212^  and 
272^.  It  is  applied  for  the  first  coats  yery  stiff,  and  more  fluid  for  the 
last  coat.  Owing  to  its  great  solubility  gypsum  is  unfitted  for  external 
work. 

The  masons  of  Minorca  use  a  cement  made  of  gypsum,  which  fhey  call 
*'  gueesh,"  for  cementing  together  the  cut  stone  with  which  they  build ; 
and  in  making  partition  walls,  often  reduce  them  to  a  thickness  of  four 
inches,  by  building  them  of  small  flat  stones  thus  cemented.  In  India, 
gypsum  is  sometimes  used  for  the  fine  joints  of  cut  stone  masonry ;  and, 
when  yery  abundant,  is  occasionally  mixed  with  sand  in  rubble  masonry. 
It  was  largely  used  by  the  Mogul  architects  for  the  internal  decoration  of 
their  buildings.  When  thus  used  at  Agra  it  is  called  "  guoh."  Although 
found  in  yarious  parts  of  India,  (as  in  the  Dehra  Dun,)  little  use  is  made 
of  it  in  modem  Indian  architecture. 

136.  Stacco.— The  name  of  Stucco  is  giyen  to  species  of  plastering 
worked  to  resemble  marble.  It  is  generally  made  of  lime,  mixed  with 
calcareous  powder,  gypsum  and  yarious  other  substances;  it  becomes 
yery  hard  and  is  citable  of  receiying  a  fine  polish.  The  Italians  lay  on 
stucco  in  three  coats ;  the  first  yery  coarse,  the  second  finer,  and  forming 
a  smooth  eyen  surfacei  on  the  top  of  which  is  laid  the  third  coat,  composed 
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of  rich  Hme  whiob  Iies  been  very  careftilly  and  thoronglily  slaked  and 
passed  throngh  a  sieve,  mixed  with  pounded  white  marble ;  or  sometimes, 
for  interiors,  with  gypsnm. 

The  different  colours  are  obtained  by  mixing  with  the  lime  certain  me- 
tallic oxides ;  as  for  instance,  to  obtain  a  bine,  2  measures  of  marble 
powder,  1  of  lime  and  ^  measure  of  oxide  or  carbonate  of  copper  is  used. 
To  obtain  green,  green  enamel  is  mixed  with  the  marble  powder.  Qraya 
are  produced  by  a  mixture  of  ashes  with  the  marble.  Blacks  by  using 
fotge  ashes  containing  particles  of  iron.  Litharge,  or  calcined  ochre, 
gives  a  red ;  yellow  oxide  of  lead  gives  yellow.  The  mixtures  thus  ob- 
tained are  subsequently  laid  on  in  patches,  and  the  excellence  of  the  work 
consists  in  the  taste  with  which  they  are  employed  to  imitate  marble. 
When  the  stucco  is  perfectly  dry,  polishing  is  begun.  The  surface  is  rub- 
bed with  a  very  fine  grained  stone,  washing  and  clearing  it  with  a  sponge. 
It  is  then  rubbed  with  a  linen  cloth  containing  moistened  Tripoli  powder 
and  chalk,  then  with  oil  and  Tripoli  powder,  and  lastly  with  oil  alone. 

187.  CAunom.— Madras  "  chunam  "  is  a  very  fine  stucco.  It  is  laid  on 
in  three  cpate :  the  first  a  mixture  of  shell  lime  and  sand,  tempered  with 
jaghery  water,*  about  half  an  inch  thick ;  the  second  made  of  sifted  shell 
lime  and  fine  sifted  white  sand  without  jaghery,  as  it  would  colour  the  plas- 
ter. The  third  coating  which  receives  the  polish  is  prepared  with  great 
care ;  the  finest  and  whitest  shells  being  selected  for  the  lime,  and  mixed 
with  from  one-fourth  to  one-sixth  their  volume  of  the  finest  white  sand. 
The  ingredients  of  the  second  and  third  coat  are  ground  with  a  roller  on 
a  granite  bed  to  a  smooth  uniform  surface  resembling  white  cream.  In 
about  every  bushel  of  this  paste  are  mixed  the  whites  of  10  or  12  eggs, 
half  a  pound  of  **  ghl"  (clarified  butter),  and  a  quart  of  "  dahl"  (sour 
curded  milk),  to  which  is  occasionally  added  from  one-fourth  to  one-half 
a  pound  of  powdered  soap-stone,  which  is  said  to  improve  the  polish. 
These  ingredients,  vary,  according  to  the  opinion  of  the  builder ;  the 
essentials  in  addition  to  the  lime  and  sand,  seem  to  be  the  albumen  of 
the  eggs  and  the  oily  matter  of  the  ghi,  for  which  oil  is  sometimes  sub- 
stituted. The  last  coat  is  laid  on  exceedingly  thin,  and  before  the  second 
is  dry ;  it  dries  speedily,  and  is  afterwards  rubbed  with  the  smooth  siirface 
of  a  piece  of  soap-stone,  or  agate,  to  produce  the  [polish,  sometimes  for 

•  Wits  ofmtalntng  a  iolntlon  of  oouw  sugar. 
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many  hoars.     Water  continues  to  exude  from  the  plaster  for  several 
days,  which  must  be  wiped  off. 

188.  Whitewash.— The  interior  walls  of  Indian  houses,  as  also  in 
some  cases  the  exterior,  are  generBllj  whitewashed  mlieu  of  being  painted 
or  papered.  <<  Whitewash  "  is  merely  a  thin  solution  of  slaked  lime  with 
some  ingredient,  as  gum,  glue,  or  rice  water,  to  render  it  adhesive  to  the 
walls.  The  whitewash  should  be  of  such  consistence  that  it  will  not 
immediately  drop  from  a  brush  dipped  into  it,  and  should  be  mixed  with 
sufficient  size  or  rice  water  to  ensure  its  adhering  to  the  wall  and  not  be- 
ing rubbed  off  by  any  thing  brought  into  contact  with  it. 

Before  whitewashing  an  old  wall,  the  former  coat  of  whitewash  should 
be  scraped  off,  or  else  the  new  coat  will  not  adhere  properly. 

For  100  superficial  feet  of  ordinary  whitewash  are  required  1^  seers 
of  stone  lime  and  '05  chittacks  gimi. 

The  following  however  is  a  recipe  for  a  superior  description  of  white- 
wash, which  will  withstand  a  heavy  down  pour  of  rain,  and  is  suitable 
for  exterior  surfaces  :— 

White  lime— 40  seers,  slaked  with  hot  water  in  a  covered  vessel. 
Salt — 5  seers,  dissolved  in  hot  water. 

Coarse  rice — 3  seers,  pounded  and  boiled  to  a  thick  paste,  (kanji). 
Glue — ^  seer,  dissolved  in  hot  water  and  the  dirty  refuse  rejected. 

These  ingredients  should  be  mixed,  stirred,  and  diluted  with  hot  water, 
till  the  consistency  becomes  that  of  ordinary  whitewash. 

The  mixture  should  then  be  allowed  to  simmer  for  a  few  hours  over  a 
fire ;  it  should  next  be  strained,  and  finally  laid  on  to  the  walls  while  hot. 

N,B, — The  above  amounts  should  suffice  for  2,500  superficial  feet  of 
wall  surface. 

Another  recipe  for  whitewash  is  given  on  page  215 ;  and  the  direc- 
tions given  on  page  214^  for  distemper  apply  equally  for  whitewash. 


CHAPTER   V. 

TIMBEB. 

1S9.  Timber^  derived  from  the  Bazon  word  imMafif  to  build,  is  the 
term  for  wood  of  a  size  sufficient  to  be  adapted  to  Building  or  Engineer- 
ing purposes,  and  is  applied  to  no  trees  which  measure  less  than  24  inches 
in  girth.  When  the  wood  forms  part  of  the  liying  tree,  it  is  called  stand- 
ing  timber ;  when  felled,  it  is  called  rough  timber;  after  the  log  has  been 
sawn  into  the  various  forms  required,  it  is  called  canvertei  timber;  and 
the  pieces  are  known  as  eided  timber j  balkf  tftich  stuff ^  plank  or  boards 
according  to  their  shape  and  dimensions. 

140.  Stmctare.— All  timber  trees  proper  are  exogenouSy  that  is  they 
increase  in  girth  by  addition  to  their  external  surfaces  of  rings  of  young 
wood.  Palms  and  tree-like  grasses,  such  as  bamboos,  are  endogenous ;  so 
called  because,  although  the  stem  grows  partly  by  the  formation  of  layers 
of  new  wood  on  its  outer  surface,  the  fibres  of  that  new  wood  nevertheless 
so  cross  and  penetrate  those  previously  formed,  as  to  be  mixed  with  them 
at  one  part  of  their  course,  and  internal  to  them  at  abother.  The  stems 
of  endogenous  trees,  though  light  and  tongh,  are  too  flexible  and  slender 
to  famish  materials  suitable  for  important  works  of  carpentry. 

The  shape  of  a  tree  is  usually  eccentric,  the  annual  layers  being  thicker 
at  that  side  which  has  most  air  and  sunshine,  or  towards  which  the  roots 
have  grown  with  most  vigour,  owing  to  the  earth  being  softer  or  more 
nutritious  in  that  direction. 

The  innermost  part  of  the  tree  is  called  ih^  pithy  this  is  immediately  en« 
closed  by  the  heart-woody  which  is  the  hardest  part  of  the  tree,  and  used 
for  all  durable  works  of  carpentry.  The  outer  and  younger  portion  is 
called  sap-wood.  From  the  pith,  thm  partitions  of  cellular  tissue,  called 
medullarif  rays,  extend  towards  the  bark ;  between  these  are  additional 
medullary  rays  which  stretch  inwards  from  the  bark  in  the  direction  of  the 
pifh ;  rarely  howeyer,  penetrating  it«    A  tree  is  in  fact,  composed  of  « 
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vast  number  of  small  cylinders  filled  with  fluid,  and  connected  by  their 
thin  membraneous  coats  which  are  the  only  solid  part  of  the  tree.  These 
cylinders  convey  the  sap  from  the  root  to  the  extremity  of  the  leaves  and 
back  again. 

141 .  During  the  spring  the  sap  rises,  chiefly  through  the  annual  rings 
next  the  bark,  and  forms  leaves.  When  these  have  reached  maturity  it 
ceases  flowing,  and  vegetation  pauses  until  the  autumn.  The  sap  then 
begins  to  descend,  chiefly  through  the  bark,  and  during  its  descent,  the 
leaves  becoming  detached  from  the  twigs  gradually  fall  off.  By  the  time 
that  all  have  fallen,  the  sap  has  stopped  flowing  and  vegetation  again 
ceases  till  the  following  spring.  The  best  time  for  felling  trees,  there*^ 
fore,  is  when  they  are  in  a  quiescent  state,  that  is,  at  midsummer  or  mid* 
winter  in  temperate,  and  during  the  dry  season  in  tropical  climates.  At 
these  times  the  bark  adheres  firmly  to  the  stem ;  during  the  fiow  of  sap, 
the  accession  of  moisture  loosens  it  and  it  is  easily  detached.  It  has  been 
the  custom,  therefore,  to  fell  trees  which  have  valuable  bark  during  the 
spring.  Such  a  practice  is  however  bad,  as  it  decreases  the  durability 
and  value  of  the  timber.  From  experiments  by  Du  Hamel,  Buffon,  and 
others,  it  has  been  determined  that  if  the  bark  is  valuable,  a  tree  should 
be  stripped  when  the  sap  is  rising,  and  felled  when  the  timber  has  become 
dry.  The  heart-wood  increases  in  hardness  until  the  tree  has  acquired 
its  full  growth.  A  cross-section  then  made  at  any  part  of  the  trunk, 
shows  the  heart-wood  to  be  of  the  same  weight  throughout.  If  a  tree  is 
allowed  however  to  stand  too  long,  decay  begins,  and  this  invariably  with 
the  heart-wood,  which  is  then  found  to  be  weaker  than  the  outer  rings. 
From  the  above  considerations,  it  will  be  seen  how  much  importance  at- 
taches to  the  age  and  season  at  which  a  tree  is  cut.  Immediately  after  a 
timber  is  felled,  it  should  be  squared  by  sawing  off  four  slabs  from  the  log, 
in  order  to  give  the  air  access  to  the  wood  and  hasten  its  drying.  If  the 
log  is  required  to  be  cut  to  a  smaller  scantling,  it  may  be  sawn  into  halves 
or  quarters  at  once. 

143.  Olassifloation. — For  purposes  of  carpentry,  wood  may  be  clas- 
sified still  further,  into  firewood  and  hard^wood.  The  first  comprises  all 
coniferous  trees,  the  second  all  other  timber  trees.  The  chief  practical 
bearings  of  this  classification  are  as  follows  : — Fir-wood  or  coniferous 
timber  in  the  most  cases  contains  turpentine.  It  is  distinguished  by 
atraightness  in  fibre  and  regularity  in  the  figure  of  the  trees ;  qualitiea 
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fayonrable  to  its  use  in  carpentry,  especially  where  long  piecea  are  re» 
quired  to  bear  either  a  direct  pnll  or  a  transTerse  load,  or  for  porposea  of 
planking.  At  the  same  time  the  lateral  adhesion  of  the  fibres  ia  amall, 
so  that  it  is  mnch  more  easily  sawn  and  split  along  the  grain^  or  torn 
asnnder  across  the  grain,  than  hard-wood,  and  is  therefore  less  fitted  to 
resist  any  kind  of  stress  that  does  not  act  along  the  fibres* 

In  hard-wood  or  non-coniferons  timber,  there  is  no  turpentine.  Tht 
degree  of  distinctness  with  which  the  structure  is  seen,  whether  as  regards 
medullary  rays  or  annual  rings,  depends  on  the  degree  of  difference  of 
texture  of  different  parts  of  the  wood.  Buch  difference  tends  to  produoa 
unequal  shrinking  during  drying,  and  consequently,  those  kinds  of  timber 
in  which  the  medullary  rays  and  annual  rings  are  distinctly  markedi  ara 
more  liable  to  warp  than  those  in  which  the  texture  is  more  uniform.  At 
the  same  time,  the  former  kinds  of  timber  are  on  the  whole  the  more  flex- 
ible, and  in  many  cases  yery  tough  and  strong,  which  qualities  make  them 
suitable  for  structures  that  hare  to  bear  shocks. 

148,  There  are  certain  appearances  which  are  oharacteiistie  of  stiong 
and  durable  timber  to  what  class  so  eyer  it  belongs ;  therefore  in  its 
oboice  it  should  be  borne  in  mind  that-— 

In  the  same  species  of  timber,  that  specimen  will  in  general  be  tha 
etrongest  and  most  durable,  which  has  grown  the  slowest,  as  shown  by 
the  narrowness  of  the  annual  rings. 

The  cellular  tissue  aa  seen  in  the  medullary  rays  (when  yisible)  should 
be  hard  and  compact. 

The  yascular  or  fibrous  tissues  should  adhere  firmly  together,  and 
should  show  no  wooUiness  at  a  freshly  cut  surface,  nor  should  loose  fibres 
clog  the  teeth  of  the  saw. 

If  the  wood  has  colouri  darkness  of  colour  is  in  general  a  sign  of 
strength  and  durability. 

The  freshly  cut  surface  of  the  wood  should  be  firm  and  shining,  and 
should  haye  somewhat  of  a  translucent  appearance ;  a  dull  chalky  appear- 
ance is  a  sign  of  bad  timber. 

In  wood  of  a  giyen  species  the  heayier  specimens  are  in  general  the 
stronger  and  more  lasting.  Amongst  resinous  woods,  those  which  haye 
least  resin  in  their  pores ;  and  among  non^resinoua,  those  which  haye 
least  aap  or  gum  in  them,  are  in  general  the  strongest  and  most  lasting. 

144.    Most  timber  trees  are  capable  of  flourishing  in  a  great  yariety  of 
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Boils.  The  best  soils  are  those  which  wilhont  being  too  dry  ot  porons, 
allow  the  water  to  escape  freely,  such  as  gravel  mixed  with  sandy  loam. 
The  most  injurious,  those  which  are  swampy  and  contain  stagnant  water, 
for  they  never  fail  to  make  timber  weak  and  perishable.  As  to  climate, 
the  strongest  timber — such  as  teak  ,iron-wood,  ebony,  and  Ugwim  vitce^ 
grow  in  tropical  countries,  surpassing  in  strength  any  produced  in 
temperate  climates;  but  of  the  same  species  of  tree,  that  which  is 
grown  in  the  colder  climate  is  the  stronger.  As  instances,  the  red  pine 
of  Norway  is  stronger  than  that  of  Scotland,  and  the  English  oak  than 
the  Italian. 

146.  When  timber  is  felled,  the  sooner  it  is  removed  from  the  forest 
the  better.  It  should  then  be  placed  in  a  dry  situation,  and  so  that  the 
air  may  circulate  round  it  freely,  but  should  not  be  exposed  to  the  sun  or 
wind.  Squared  timber  does  not  split  so  much  as  round.  It  is  an  advan- 
tage when  possible  to  set  the  timber  upright,  with  its  lower  end  a  little 
raised  from  the  ground.  If  this  is  not  possible,  it  should  be  piled  hori- 
zontally a  little  above  the  ground,  vrith  a  free  space  for  circulation  of 
air  between  each  piece ;  and  when  so  raised,  the  supports  should  not 
be  refuse  wood,  which  infects  the  good  timber,  but  made  of  cast-iron ; 
when  supports  are  not  used,  precautions  should  be  taken  to  prevent  the 
growth  of  vegetation  around  the  logs,  and  the  yard  should  be  carefolly 
drained. 

146.  Seasoning.— Timber  is  said  to  be  seasoned,  when  by  some  pro- 
cess, either  natural  or  artificial,  the  moisture  contained  in  its  pores  has 
been  expelled  so  far  as  to  prevent  decay  from  internal  causes.  NcOural 
seasoning  J  which  consists  in  exposing  the  timber  freely  to  the  air  in  a  dry 
place,  sheltered  if  possible  from  sunshine  and  high  winds,  is  the  best  when 
time  can  be  spared,  as  slow  drying  renders  wood  tough  and  elastic.  Wood 
naturally  seasoned,  however,  is  only  fit  for  carpenter's  work  after  two 
years,  and  for  joiner's  work  after  four  years'  seasoning.  Artificial  methods 
have  therefore  been  adopted,  to  effect  it  more  rapidly.  Water  seasoning^ 
the  simplest  of  these,  consists  in  immersing  the  timber  in  water  as  soon  as 
cut.  After  a  fortnight's  soaking  it  is  taken  out  and  dried  in  an  airy  place. 
This  plan,  though  rendering  timber  less  liable  to  warp  and  crack,  un- 
doubtedly weakens  it.  It  should  be  aroided,  therefore,  where  great 
strength  is  required.  If  timber  is  cut  when  full  of  sap  it  benefits  by  this 
method,  as  the  water  removes  the  greater  part  of  the  feimentible  matter 
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and  makes  the  wood  less  liable  to  be  wonn  eaten.  Care  should  be  taken 
that  timber,  when  put  in  water,  is  entirely  snnk,  as  partial  immersion  is 
most  destructive.  Bailing  timber  is  another  method.  This  in  most 
cases  impairs  the  strength  and  elasticity  of  timber,  but  causes  it  to 
shrink  less.  It  is  useful  when  joiner's  work  has  to  be  excnted  in  wood 
which  takes  a  long  time  to  season  naturally.  Timber  should  not  remain 
long  in  boiling  water  or  steam ;  four  hours  is  generally  sufficient.  The 
drying  after  it  is  removed  from  the  water  should  take  place  slowly. 
Smoking  and  charring  timber  is  sometimes  resorted  to.  It  can  only  be 
done  on  a  small  scale,  and  if  green  timber  is  charred  and  then  placed  in 
the  earth  or  in  any  unventilated  situation,  decay  is  sure  to  result,  as  the 
natural  juices  which  are  then  confined  to  the  tree,  ferment,  and  produce 
dry-rot. 

147.  Dr.  Paton,  Post  Master  General  of  the  N.-W.  Provinces,  found 
boiling  babul  an  excellent  method  of  seasoning  that  wood.  Besides 
seasoning  it  quickly,  it  gave  it  extra  strength ;  wood  thus  prepared  being 
found  to  suffer  less,  from  an  equal  degree  of  wear  and  tear,  than  the  same 
wood  seasoned  in  the  ordinary  manner.  Dr.  Paton  accounts  for  the  good 
effect  of  boiling,  by  the  fact  that  when  boiled,  the  woody  fibre  is  deprived 
of  sap,  and  is  saturated  with  the  tannin  which  abounds  in  the  bark  of 
the  babul  tree.  Green  wood  answers  best  for  boiling,  as  it  parts  with 
its  juices  easily,  and  is  easily  impregnated  with  tannin.  The  bark  should 
be  fresh,  and  boiled  along  with  the  wood.  After  boiling,  the  wood 
should  be  placed  for  some  days  under  cover,  and  free  from  a  chance 
current  of  air.  The  rainy  and  cold  seasons  are  the  most  favourable  for 
the  process.  The  average  time  required  is  four  months ;  while  the 
natural  atmospheric  process  takes  five  years.  Wheels  made  of  wood 
thus  prepared  last  four  or  five  years. 

148.  The  best  method  of  artificial  seasoning  known,  is  Davison's  De- 
siccating Process,  which  consists  in  exposing  the  timber  in  a  chamber  or 
oven  to  a  current  of  hot  air.  This  is  impelled  by  a  fan  at  the  rate  of  100 
feet  a  second ;  the  fan,  air  passages,  and  room,  being  so  proportioned  that 
one-third  of  the  volume  of  the  chambers  is  blown  through  it  per  minute. 
The  moisture  passes  away  by  an  opening  in  the  roof.  Samples  of  wood 
are  weighed  from  time  to  time  until  it  is  found  that  the  required  propor- 
tion of  weight  has  been  lost.  The  best  temperature  of  hot  air  varies 
with  the  kind  and  dimensions  of  the  timber.    Thus,  for — 

VOL.    I, — THIRD    BDITION.  Z 


170  TIMBER. 

Hard- woods,  in  genend>  in  logs  or  large  pieces,    90^  to  100^ 

Fir-woods,  in  thick  pieces,        ,•• 120'' 

„         in  thin  boards,        « 180*  to  200* 

The  time  for  drying  yaries  with  the  thickness,  thus— 

Thickness  in  inches,     1,2,3,4,6,8. 

Required  time,  in  weeks, ...    1,2,8,4,7,10. 

These  periods  are  fixed  on  the  supposition  that  seasoning  takes  place 
daring  twelve  hours  only  of  the  twenty-four. 

149.  Timher  lasts  best  when  kept  dry  and  in  a  well  ventilated  place. 
Wet  timber  is  softened  and  weakened  but  does  not  necessarily  decay, 
and  some  timbers  which  are  comparatively  useless  in  the  air  are  exceed- 
ingly durable  under  water.  The  cotton  tree  is  a  remarkable  instance 
of  this.  Alternate  wetness  and  dryness,  especially  when  accompanied  by 
heat,  soon  destroys  timber.  For  such  situations,  wood  should  be  care- 
fully selected  and  great  precautions  taken  for  its  preservation.  Slaked 
lime  is  a  great  destroyer  of  timber,  which  should,  therefore,  in  build- 
ings, be  carefully  protected  from  its  contact.  Teak  and  s4l  are  the 
most  durable  Indian  timbers  and  require  little  artificial  means  for  their 
preservation. 

Timber  has  to  be  preserved  from  moisture,  from  internal  decay  (the 
dry-rot)  and  from  the  attacks  of  insects ;  and  in  India  where  the  white-ant 
abounds,  this  last  is  the  most  serious  consideration.  Oil  paint  preserves 
timber  from  the  first,  and  the  method  of  saturation  by  Eyan,  Burnett, 
Payne  and  Bethell,  from  the  second :  Margary's  and  Bethell's  processes, 
however,  alone  seem  successful  against  the  third.  Kyan  used  corrosive 
sublimate  (bi-chloride  of  mercury),  a  very  expensive  salt ;  Burnett,  chlo- 
ride of  zinc ;  and  Payne,  first  a  metallic  solution,  and  then  a  decomposing 
fluid,  the  capillary  tubes  being  thus  filled  and  with  an  insoluble  substance. 
Margary  injects  sulphate  of  copper,  which  being  cheaper  than  mercury, 
can  be  used  in  a  stronger  solution.  It  is  considered  doubtful,  however, 
as  a  preservative  from  dry-rot.  Mr.  Bethell's  saturation  of  timber  with 
creosote,  a  kind  of  pitch  oil,  is  an  effectual  perservative  in  every  way. 
It  is  efiected  by  first  exhausting  the  air  and  moisture  from  the  capillary 
tubes,  in  an  air-tight  vessel,  and  then  forcing  in  the  oil  at  a  pressure  of 
150  tt>s.  on  the  square  inch,  which  is  kept  up  for  some  days.  Timber 
absorbs  from  one-ninth  to  one-twelfth  of  its  weight  of  this  oil. 

150.  Major  Sankoy,  R.E.,  applied  Margary's  process  to  a  variety  of 


woods ;  the  rsBnlts  of  the  experimenta  are  appended  in  a  t«bular  state- 
ment farther  on. 

The  accompanying  fignre  shows  the  apparatus  for  steeping  the  wood. 

A  and  B  are  teak  wood  troughs,  hollowed  from  the  solid  tree ;  no 
metal  joinings  therefore  interfere  with  the  action  of  the  eolation. 

A  is  tlie  mixing,  B  the  steeping,  trongh.  It  will  be  seen  that  16  pieces 
are  steeped  each  time. 


aa,  pings  and  plug  holes  to  each. 

SS,  steps  for  the  ends  of  the  bottom  timbers  to  rest  apon,  while  the 
small  lathe  placed  between  each  row  permit  the  solntion  to  drcnlate 
freely  round  the  pieces. 

All  the  spedmens  on  arrangement  are  fastened  down  and  kept  in  their 
proper  positions  by  two  pieces  of  twine  pasaing  through  holes  in  the  steps. 

In  the  fignre,  the  nnshaded  part  represents  the  snlphate  of  copper 
(titla-ttitya). 

Having  mixed,  in  A,  the  quantity  of  eolation  reqaired,  (the  proportiDn 
bmng  1  lb.  of  snlphate  of  copper  to  4  gallons  of  water,  as  recomm^ded,) 
and  secured  the  spedmens  in  B, the plugawas withdrawn, andBfilled as 
high  as  necesBuy.  A  small  portion  of  solationwaealwaysreaerTedin  A, 
to  make  np  for  the  evaporation  of  B,  which  was  thas  kept  filled  to  tha 
proper  height.  According  to  the  instructions,  four  days  was  the  time  the 
spedmens  should  have  remained  in  the  solution  (two  days  for  each  inch  of 
thickness,  but  they  were  left  five  and  a  half  and  six  days  to  prevent  any 
mistake)  ;  when  removed,  the  pieces  were  placed  under  coverto  dry,  and 
remained  thus  twenty  days.  The  specimens  thus  prepared  were  boried  in 
an  ant  hill  for  several  months,  and  the  resalts  of  the  trial  are  recorded  in 
the  following  Table : — 
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Table  of  ExperImemts,  by  Major  Sankby,  referred  to  above. 


NmdwoC  wooda. 

19m-  nf  AAnh   »tfw>J 

Banilt  of  llm  trlid 
In  JoDO.  isat. 

Analt  of  Moood  trial, 
in  Aociut,  I8U. 

whoM  ends  w«r« 

■oBk  In  tho  ant 

hill,  lUroh  18U. 

No.  of 
Mokad 
plMei. 

Na  of 

IWKMkMl 

pleoM. 

Na  of 
■oakod 

No.  of 

nnHMikod 

pieeai. 

• 

oil 

1 

Ant 

Not 

■0. 

Ant 

Not 

■o. 

Ant 

Not 

■0. 

Ant 

Not 

•0. 

Aijun, 

* 

6 

4 

10 

••• 

6 

•■• 

4 

•  •• 

6 

•  •• 

4 

••• 

Babal, 

4 

4 

8 

••• 

4 

••• 

4 

••• 

4 

4 

••■ 

100  p.  eecL 

Bejasal, 

10 

6 

16 

••• 

10 

1 

5 

•  t« 

10 

6 

••• 

100  p.  cent 

Bbadah, 

4 

4 

8 

•  •• 

4 

4 

••• 

•  •• 

4 

4 

••• 

100  p.  cent 

Dbamiii, 

2 

••• 

2 

••• 

••• 

••• 

••• 

•  •• 

••• 

••• 

••• 

••• 

Dhareah, 

4 

4 

8 

■•• 

4 

4 

%t* 

••• 

4 

4 

•■• 

100  p.  cent 

DbaveSy 

4 

2 

6 

••• 

4 

2 

••• 

•  •• 

4 

2 

••• 

100  p.  cent 

EynCi 

10 

6 

16 

••• 

10 

••• 

6 

•  •• 

10 

t«t 

6 

••• 

Hordah, 

10 

6 

16 

•  •• 

10 

6 

•  • 

•  •• 

10 

6 

••• 

100  p.  cent 

Kaim, 

4 

4 

8 

••t 

4 

4 

••• 

•  •• 

4 

4 

•■■ 

100  p.  cent 

PaiiDjenh, 

4 

4 

8 

••• 

4 

• 

4 

••• 

2 

4 

4 

••• 

100  p.  cent 

Bohan, 

8 

4 

12 

••• 

8 

••• 

4 

••• 

8 

2 

2 

fiOp.  cent 

Hk\, 

2 

••• 

2 

2 

2 

••• 

••• 

••• 

2 

••• 

••• 

••• 

Siris, 

4 

4 

8 

••• 

4 

^ 

2 

••• 

4 

4 

••• 

100  p.  cent 

Sisham, 

10 

6 

16 

2 

8 

6 

••• 

2 

8 

6 

••• 

100  p.  cent 

S66yilD]| 

4 

4 

8 

••• 

4 

••• 

4 

••• 

4 

1 

3 

75  p.  cent 

Teak, 

10 

6 

16 

••• 

10 

••• 

6 

••• 

10 

••• 

6 

••• 

Tendoo» 

10 

6 

16 

1 

10 

2 

4 

••• 

10 

6 

••• 

100  p.  cent 

Theynsy 

4 

4 

8 

••• 

4 

2 

••• 

••• 

4 

4 

••• 

100  p.  cent 

Thonra, 

4 

4 

8 

••• 

4 

••• 

4 

••• 

4 

2 

2 

50  p.  cent 

Toon, 

Total  ... 

2 

120 

••• 
82 

2 

202 

••• 
5 

2 
116 

••• 
37 

••• 
48 

••• 
4 

2 
116 

••• 
59 

••• 
28 

••• 

78  p.  cent 

Major  Sankey  remarks  : — 

*<  From  the  last  column  of  the  statement  it  would  appear  that  the  three  timbers- 
teak,  eyne  and  arjoon  alone,  of  all  those  tested,  in  a  natural  state  resist  the  attacks 
of  insects.  This  is  to  a  certain  extent  erroneous,  for  on  particular  examination,  io 
respect  to  two  or  three  timbers  (as  beja  sar  and  Mham)  haying  white  wood,  it  seems 
that  this  only  is  i^ttacked,  while  the  darker  wood  of  the  heart  is  left  unassailed.  In 
the  heart  wood  of  beja  sar  (that  portion  always  used)  particularly,  there  is  a  quantity 
of  red  coloured  juice  which  exudes  at  every  shower,  and  which  ia  peculiarly  obnoxioua 
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to  insects.    The  heart  wood  of  ultkam  in  like  manner  retains  an  essential  oil  equally 
distastefal  to  them. 

"  Pauijerah,  kaim,  dkareah,  and  bhadah,  were  attacked  with  great  avidity,  and  one 
or  two  of  the  nnsoaked  specimens  of  these  woods  perished  in  toto, 

**  The  two  pieces  of  tisham  which  were  attacked,  I  have  wrongly  placed  nnder  the 
head  of '  ant-eaten.'  They  were  found  on  examination  to  be  bored  by  a  small  beetle 
through  the  white  wood. 

"  No  specimen  of  dhamin  was  subject  to  the  common  insects ;  common  report,  how- 
CTer,  makes  it  readily  assailed  by  white-ants. 

**  Hemp,  rope,  cloth,  and  some  pieces  of  bamboo,  which  were  steeped  at  the  same 
time  with  the  other  specimens,  were  not  attacked  by  white-ants. 

"  After  removing  from  the  ant-hill,  washing  and  drying  the  specimens  for  the  last 
time,  I  was  much  struck  with  the  manner  in  which  the  atmosphere  had  acted  on  them 
severally  ;  all  those  which  had  not  been  steeped,  were  weathered  of  the  peculiar  blae- 
ish-gray  colour,  so  well  known  with  unpainted  timber  after  long  exposure ;  while,  on 
the  contrary,  the  steeped  specimens  appeared  nearly  as  bright  and  fresh  as  the  day 
they  were  placed  in  the  ant-hill." 

161.  HeaBtuement.^Tiinber  is  bonght  and  Bold  by  the  cubic  foot. 
If  the  log  varies  mach  in  size  in  different  parts,  the  length,  breadth,  and 
depth  of  these  parts  must  be  taken.  If  it  tapers,  a  mean  breadth  or 
depth  must  be  taken.  In  measuring  rongh  logs,  however,  it  is  nsnal  to 
gird  the  log  at  the  measuring  place,  fold  the  girding  string  in  four,  and 
assume  this  fourth  part  as  the  side  of  a  square  at  the  measuring  place. 
The  area  of  this,  multiplied  by  the  length,  gives  the  contents.  Tables 
for  every  foot  in  length  and  quarter  of  an  inch  inside  have  been  published, 
to  facilitate  the  calculation.  As  less  than  24  inches  is  not  considered 
timber,  in  measuring  standing  timber,  its  height  is  the  height  at  which 
the  girth  of  the  tree  is  24  inches ;  the  girth  at  half  this  height  is  taken  as 
a  mean.  It  is  usual  to  speak  of  timber  by  the  load,  which  in  squared 
timber  is  50,  and  in  rough  40,  cubic  feet. 

152.  Indian  Timber  Trees.— The  following  lists  contain  the  names 
of  the  most  important  tiees  in  India,  deserving  the  attention  of  the  En- 
gineer, either  as  furnishing  timber  to  the  carpenter  and  builder,  wood 
for  ornamental  turnery,  fuel  for  brick  burning,  sleepers  for  railways,  or 
material  for  other  purposes  connected  with  Engineering  works.  A 
work  of  this  description  is  of  course  no  place  for  complete  lists  of  all 
forest  and  other  trees,  and  for  botanical  descriptions  :  which  could  not 
be  given  vdthin  the  limits  of  a  few  pages,  or  even  of  a  single  volume. 
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For  faller  details  on  snch  subjects,  works  specially  devoted  to  Botany, 
Forestry,  &c.,  must  be  consulted:  and  Balfour's  "  Timber  Trees  of  India ; " 
Cleghom's  ^*  Forests  and  Gardens  of  South  India;"  Skinner's  '^  Indian 
and  Burmah  Timbers,"  may  be  advantageously  referred  to  by  those  inter- 
ested in  Indian  Trees. 

But  a  brief  list  of  the  most  important  Indian  trees,  with  co-elBScients 
of  weight,  elasticity,  &c.,  will  be  useful  to  every  Engineer  in  the  country, 
and  may  appropriately  be  embodied  for  reference  in  this  work. 

It  will  be  observed  that  the  first  list  contains  the  Botanical  name^ 
which  only  are  of  real  value,  and  precise  application.  Local  names  are  in 
general  very  vague,  and  not  to  be  depended  upon  :  nor  are  they  of  any 
use  beyond  the  limits  of  restricted  areas.  The  same  tree  will  be  known 
by  many  different  names  over  a  tract  of  a  few  hundred  square  miles,  and 
it  would  tax  the  best  memory  to. retain  all  the  Indian  local  names  of  only 
one  or  two  trees,  and  correctly  apply  them  to  their  own  proper  localities. 
Again,  one  local  name  may  in  one  district  refer  to  one  tree,  and  in  an- 
other district  to  a  perfectly  distinct  plant.  Thus  the  well-known  name 
''  Deodar  "  is  applied  in  Kashmir,  Huzara,  Garhw41  and  Kumann  to  the 
Cedrui  Deodara ;  in  closely  adjacent  districts,  (Kulu  and  Knnawar,)  to 
Cupre$su8  torvlosa ;  and  in  another  neighbouring  tract  (Chamba),  to  Juni^ 
penii  ExceUa,  The  Botanical  name  on  the  contrary  has  a  precise  appli- 
cation to  one  species  of  plant  alone,  and  this  not  only  in  one  country,  but 
among  all  lands  enjoying  European  civilization.  Local  names,  however, 
are  of  course  useful,  and  should  be  acquired  by  an  Engineer  in  any  district 
in  which  he  njay  be  employed.  A  list  of  a  few  such  names  follows  the 
first ''  Botanical "  list :  but  it  must  be  remembered,  that  in  many  cases 
the  identification  of  local  names  is  very  uncertain.  English  names  are  in- 
eluded  in  the  'Hocal "  list ;  although  few  (so  called)  <<  English  "  names  of 
Indian  trees  exist :  and  in  their  case  also  there  is  great  want  of  precision. 
For  example  "  Poon  "  and  "  Ebony  "  are  terms  loosely  applied  to  a  large 
number  of  trees  of  many  different ''  species  "  and  even  "  orders  "  and  aa 
names  serving  any  nseful  purpose  of  precise  identification  are  really 
valueless. 

The  numbers  denoting  weight,  cohesive  strength,  &o.f  hare  been  for 
the  most  part  taken  from  tiie  late  Conductor  Skinner's  useful  work  on 
^'  IndiaA  and  Burman  Timbers."     The  precise  meaning  of  each  separate 
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expression  in  these  formulae  should  be  carefully  realized,  before  using  the 
formula.* 

W  denotes  the  weight  in  lbs.  of  a  cubic  foot  of  seasoned  wood. 

Ed  is  the  coefficient  of  elasticity  as  inrolyed  in  Barlow's  formula, 

where  Ed  is  a  constant  for  each  kind  of  wood,  derived  from  experiment, 
and  recorded  in  tables  :  L  length  in  feet,  h  breadth  and  d  depth,  both  in 
inches,  of  a  beam  supported  at  the  ends,  and  carrying  at  centre  a  weight 
W,  in  lbs,  9  being  the  deflection  at  the  centre  in  inches  {say  for  timber 
r^  of  the  clear  bearing). 

ft  is  the  constant  for  each  wood,  denoting  the  direct  cohesion  in  lbs.  per 
square  incli,  and  applicable  to  the  formula, 

where  P  is  the  weight  in  lbs.,  which  would  tear  asunder  a  piece  of 
timber  whose  transverse  section  has  an  area  of  A  square  inches, 

p  is  the  constant  of  strength  in  lbs.  for  timbers  subjected  to  cross 
strain  ;  ahd  is  applicable  to  the  formula, 

Where  P  is  the  weight  in  lbs.  at  the  centre,  which  would  break  a 
scantling  supported  at  the  ends  haying  a  clear  bearing  ia  feet  =  L,  and  a 
breadth  =  b  and  depth  =.  d,  both  in  inches. 

These  equations  are  constantly  in  use,  as  explained  in  the  section  on 
"  Strength  of  Materials,'*  Vol.  IIL  of  this  Treatise,  and  the  numbers  given 
will  be  found  useful  for  reference.  Where  more  than  one  number  is  given 
for  the  same  coefficient,  it  will  be  understood  that  these  are  the  results  of 
different  sets  of  experiments,  carried  out  at  different  times  and  places,  by 
different  persons.  In  fact  the  same  species  of  tree  will  furnish  timber  of 
very  different  quality,  in  different  regions,  and  even  in  different  parts  of 
the  same  region  :  a  fact  which  explains  the  extraordinary  diversity  in  the 
statements  and  opinions  recorded  by  different  competent  and  reliable  ob- 

*  In  using  this  value  of  E^,  it  should  be  borne  in  mind,  that  (he  E  (=  Modulus  of  BUsticity;. 

Rantlne's  and  Stoney's  tables,  (which  coincides  also  with  F  of  Molesworth's  elasticity  tables)  la 
433  K^  of  this  formula ;  while  Barlow  uses  two  separate  valnea  of  B  (Elasticity) ;  in  his  flnt  tablet 
the  B  =  1 738  E^  and  in  the  second  tables,  his  E  =  54  B^. 

The  modulus  of  rupture  ( / )  of  Ranklne's  tables  is  =  18p.  of  these  tables ;  while  in  ICoIesworth'a 
tabtea.  the  ooaflkslent  of  transrerse  strength  is  9p. 

With  these  corrections,  the  ralues  given  in  the  tables  alluded  to  can  be  used  in  these  formulas 
and  oomparisons  instituted  between  the  values  of  the  English  and  other  woods  entered  in  those 
tables,  and  the  values  for  Indian  woods  herein  given. 
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serrers  :  one  authority  describing  a  tree  an  loftj  and  furnishing  large 
scantlings  of  fine  timber  ^  another  alluding  to  it  as  a  small  tree  supplying 
no  timber  of  any  size  or  use.  So  well  known  and  valuable  a  tree  as  the 
Deodar  will  furnish  an  imperishable  timber  of  immense  scantling,  if  grown 
on  some  bleak  northern  granite  slope  of  the  inner  Himalaya ;  while  a 
comparatively  soft  and  inferior  wood  is  produced  by  the  rapidly  grown 
trees  of  moister  forests  on  the  lower  slopes  nearer  the  plains.  It  is  ad* 
yisable,  therefore,  for  the  Engineer  to  ascertain  for  himself  the  quality 
of  each  description  of  timber  in  the  actual  locality  in  which  he  himself  is 
employed :  to  make  experiments  to  determine  its  strength,  &c.,  and  be 
careful  to  utilize  each  sort  properly  :  not  to  waste  on  some  temporary 
structure  a  timber  which  may  be  a  source  of  great  value  for  some  special 
purpose,  while  perhaps  an  inferior  wood  of  no  durability  is  being  intro- 
duced in  some  important  permanent  building.  As  an  example  of  this^ 
Dr.  Gleghom  relates  how  a  small  bridge,  the  total  estimate  of  which 
was  Rs.  250,  was  constructed  of  Pooji  spars,  which  while  unsuited  for 
this  purpose,  wood  have  realized  a  very  large  sum  for  the  Dockyards, 
where  this  timber  is  invaluable. 

Avenues, — It  must  be  remembered  that  the  Engineer  is  required  not  only 
to  know  the  trees  available  in  his  district  for  providing  timber,  &c.,  for  the 
purposes  ahove  indicated,  but  he  may  also  have  to  plant  avenues  along 
roads  and  canals,  and  should  acquaint  himself  with  the  trees  best  suited 
for  such  purposes,  having  regard  to  the  nature  of  the  soil,  the  amount  of 
humidity,  &c.  In  Northern  India  the  best  avenue  trees,  having  green 
shady  foliage  almost  throughout  the  year  are,  Nos.  4, 7, 18, 43, 54, 85,  86, 
116  and  117,  of  the  following  list ;  where  the  usual  rain-fall  is  25  inches, 
these  trees  will  thrive  with  the  aid  of  rain  only,  after  having  been  raised 
in  nurseries  and  transplanted  at  the  commencement  of  the  summer  rains 
to  their  positions  at  the  road  side,  (where  a  "  thala  "  should  be  prepared 
for  eacli  tree).  Where,  however,  the  rain-fall  averages  only  20  inches, 
it  would  be  difficult  to  grow  avenues  of  such  trees  without  artificial  irri- 
gation, but  the  "  hikar"  might  be  successfully  raised  from  seed  sown  in 
trenches  where  the  trees  are  meant  to  remain. 

In  general,  avenue  trees  should  be  raised  in  small  nurseries,  where 
the  ground  should  be  broken  up  to  15  or  18  inches  in  depth,  and  improved 
with  leaf  manure ;  the  nursery  being  furnished  with  a  well,  if  canal  irriga- 
tion is  not  available. 
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LIST  OP  THE  PRINCIPAL  TREES  OP  INDIA. 

N.B.— 7Vtfe«  marked  *  grow  within  50  mUes  o/Roorkes,  N,-  W,  P.,  either  indigenovi  or  introduced. 


No.  I    W    I    Ed    I     /t     \    p    \ 


A  BIAS  Smithiana. 
{Ooi^ferm.) 


^Kgilxjil  Ababioa. 
(Ztf^wmtfiofa.) 

Bi  I  4186  I  16815  I  884 
I  4111  I  I  876 


*AOAOIA  CATBOHU. 


I  56  to  ( 
I   60   I 


4  *AOA0IIA  ElATA. 

I    39   I  2926  I  9518  I  695     | 

5  ACAOIA  Leucophlaa. 

I    65    I  4086  I  16288  |    861  | 

6  *A0A0IA  Modbsta. 


*AOAOIA  SPBdOeA. 


55  I  3502  I 
I  3532  I 


7931 
532  1 


8      *ACAOiA  Stipulata. 
I     60  I  4474  I  21416  I  823    | 


Adbnanthbba  Payoniha. 

I     56  I  3103  I  17846  I   863  | 
I     55 1  !  I  1060 


10       AlLABTHITB  EZCBLSA. 

{Simarahacea) 


A  lofty  spnioe  fir  of  the  N.-W.  Himalaya,  dark  and  sombre,  yet 
gracefnl  with  its  lymmetrical  form  and  pendaloas  habit.  It  for- 
niflhea  a  white  wood,  easily  split  into  planka ;  bnt  not  esteemed  as 
either  strong  or  dnrabla.  It  is  need  as '  shUigle '  for  roof  cover- 
ings. 

This  well  known,  yellow  flowered,  *<  babnl "  tree,  is  widely  dis- 
tributed. It  grows  rapidly,  requiring  no  water,  and  thriving  on 
poor  soil,  dry  arid  plains,  black  cotton  soil,  &c  It  seldom  attains 
a  height  of  40  feet,  or  f onr  feet  in  ^^irth  :its  wood  is  close-grained  and 
tough  ;  of  a  pale  red  colour  inclining  to  brown.  It  can  never  be 
had  of  large  size,  and  is  generally  crooked.  Used  for  spokes,  naves, 
and  felloes  of  wheels,  ploughshares,  tent  pegs. 

A  widely  distributed  tree,  with  a  heavy,  close-grained,  and  brown- 
ish red  wood,  of  great  strength  and  durability ;  employed  for  posts 
and  uprights  of  houses,  spear  and  sword  handles,  ploughs,  pins 
and  tree-nails  of  cart-wheel&  But  tiie  tree  is  rarely  available  for 
timber,  being  used  for  the  extraction  of  eatechu, 

A  handsome  lofty  tree,  suitable  for  avenues,  and  furnishing 
logs  20  to  30  feet  long,  and  from  5  to  6  feet  in  girth.  Wood  red, 
hard,  strong,  and  very  durable.  Used  in  posts  for  buildings,  and 
in  cabinet  work. 

This  very  thorny,  white  barked ''  kikar  "  is  found  in  most  parts 
of  India,  and  its  timber  in  characteristics  much  resembles  that  of 
A.  AraHea,  and  is  used  for  the  same  purposes. 

The  PhiUahi  is  a  common,  small,  and  characteristic  tree  of 
many  parts  of  the  Punjab,  (as  the  Jullundur  and  Hoshiirpur  dis- 
tricts.) It  is  well  worthy  of  cultivation  for  timber  in  dry  sandy 
tracts  of  country,  and  furnishes  very  hard  and  toogh  timber, 
fitted  for  making  mills,  &c. 

The  '  sirris '  is  a  common  tree  throughout  India,  and  with  its 
rapid  growth,  its  large  head  of  handsome  foliage  and  sweet  scented 
flowers,  is  a  good  avenue  tree.  It  ^ws  to  40  or  60  feet  in  height 
and  5  to  6  feet  in  girth  :  the  wood  is  said  by  some  writers  to  be 
hard,  strong,  and  durable,  never  warping  or  cracking,  and  to  be 
used  by  the  natives  of  South  India  for  naves  of  wheels,  pestles  and 
mortars,  and  for  many  other  purposes :  but  in  Northern  India  it 
is  held  to  be  brittle,  and  fit  only  for  such  purposes  as  box  planks  ; 
and  for  firewood. 

lliis  unarmed,  pink-flowered  acacia,  one  of  the  largest  of  the 
genus,  is  found  from  Dehra  D(in  to  Travanoore,  and  in  Assam 
and  Burmah.  It  furnishes  large,  strone,  compact,  stiff,  fibrous, 
coarse-grained,  reddish-brown  timber,  well  suited  for  wheel  naves, 
furniture,  and  house  building. 

A  large  and  handsome  tree  found  in  most  of  the  forests  of  In- 
dia and  Burmah  :  though  the  timber  does  not  enter  the  market 
in  large  quantities.  The  wood  is  strong,  but  not  stiff :  hard  and 
durable,  tolerably  close  and  even-grained,  and  stands  a  good  polish. 
When  fresh  cut  it  is  of  beanti&  red  coral  colour,  with  a  frag- 
rance somewhat  resembling  **  sandal "  wood  :  after  exposure  it  be- 
comes purple,  like  rose  wood.  It  is  used  sometimes  as  sandal 
wood  :  and  is  adapted  for  cabinet  making  purposes. 

This  tree  gro?r8  in  Southern  India,  and  is  found  also  in 
Oudh,  and  o&er  parts  of  Northern  India,  apparently  as  an  in- 
troduced tree.  It  is  a  remarkably  rapidly  growing  tree  and  con- 
sequently, though  useful  for  avenues,  &c.,  where  shade  giving 
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No.  I    w    I    Ea    I     j\     I     V     ! 


11 


I 


12 


I 


13 


I 


14 


Albizzia  Elata. 
{Leffuminosa.) 

55    I  I  I 

Albizzia  Stipulata. 
66 1         !  I 

Albizzia  sp. 


Artocabpus  Hibsuta. 
(^ArtocarpacetP,) 


I 


16  ^Abtooabpus  Lacoocha. 


tarees  are  required  to  grow  qnickly,  it  does  not  furnish  timber  of 
any  value.  The  wood  is  white,  light  and  not  durable ;  and  is 
used  for  scabbards,  &c. 

Abundant  on  the  banks  of  rivers  in  the  Burmese  plains. 
It  is  used  by  the  Burmese  for  bridges  and  house  posts :  it  has 

I  a  large  proportion  of  sap  wood,  but  £e  heart  wood  is  hard  and 
durable :  and  in  Dr.  Brandis'  opinion,  the  wood  may  eventually 
become  a  valuable  article  of  trade. 
Grows  in  forests  on  elevated  ground  in  Burmah  ;  it  has  beanti- 
I  fully  streaked  brown  heartwood,  which  is  much  priied  for  cart 
'  wheels  and  bells  for  cattle. 

**  Kokoh  "  is  the  Burmese  name  for  an  AlHzgia,  the  wood  of 

ir  1 110Q  I  1Q9A9  I    QRr  I  wMch  is  very  much  valued  by  the  natives  for  cart  wheels,  oil 
*o  I  4i^tf  I  lyzw  I    000  I  pj^gg^  ^^  ^^^^    jj  .g  ^  j^^^  ^j^^  ^j^^  hKvvag  60  feet  of 

trunk  before  the  first  branch  is  thrown  of. 

This  large,  handsome,  shady  tree  grows  in  Burmah  and  South- 
east India.    It  yields  Uie  '  anjely '  wood  of  commerce*  especial- 

in  I  QQAf;  I  1  RATH  I    7±A  I  ^7  osteemcd  as  a  timber  bearing  submersion  in  water.    It  is  dnra- 
*u  I  dyu&  I  i&u/u  I    /44  I  jjj^^  ^^  jg  ^^^^  ^^gj^^  ^j^^  ^^^  dock-yards  as  second  only  to  teak 

for  ship-building  :  it  is  also  used  for  house  buildine,  canoes,  &c. 
15  ^Artooabpus  Integrifolia.    The  common  <  jack  fruit '  tree,  is  of  rapid  growd,  and  reaches 

I      44  I  4030  I  16420  |    788  1  J  ^^7  ^?5!"^  J^t^'^'^A  •^•l^-^^^'^fi*  v*f  J?^  ^ 
,  ,  ^vt/v  I  ,  ,  £^^  ^^  £^^^  ^^^  timber,  and  with  its  abundant  dark  foliage  and 

numerous  pendent  fruit  is  a  handsome  object  The  wood  when 
di^  is  brittle,  and  has  a  coarse  and  crooked  grain.^  It  is  however, 
suitable  for  some  kinds  of  house  carpentry  and  joinery ;  tables, 
musical  instruments,  cabinet  and  marquetry  work,  &&  The  wood 
when  first  cut  is  yellow,  «f  terwards  changing  to  varioos  shades  of 
brown. 

The  'monkey  jack'  with  its  orange  coloured  fruit  is  found  usual- 
I  ly  as  a  cultivated  plant  near  houses  in  India  and  Burmah.  The 
'  wood  is  used  in  the  latter  country  for  canoes  :  the  fruit  is  eaten, 
and  a  yellow  dye  is  obtained  from  the  root 

An  immense  tree  on  the  hills  of  British  Burmah,  having  an 
average  length  of  trunk  to  the  first  branch,  of  80  feet,  and  girth 
of  12  feet,  6  feet  above  ground.  The  timber  is  nscd  for  canoes 
and  cart  wheels. 

The  beautiful  and  well-known  "  nim  "  tree,  is  common  through- 
out India  and  Burmah,  and  is  much  esteemed  for  ornament  and 
3183  t  17450  I  720  I  ^^^'  ^^  grows  in  the  stoniest  soiL  The  wood  is  hard,  fibrous, 
2672  I  I    752    ""^^  durable,  except  from  attacks  of  insects :  is  of  a  reddish 

'  >  ■  brown  colour :  and  is  used  by  the  natives  for  agricultural  and 

building  purposes.  It  is  difficult  to  work,  but  is  worthy  of  at- 
tention for  ornamental  woodwork.  Long  beams  are  seldom  ob- 
tainable ;  but  the  short  thick  planks  are  in  m*nch  request  for  doors 
and  door  frames  of  native  houses,  on  account  of  the  fragrant 
odour  of  the  wood. 

There  are  many  distinct  species  of  bamboo,  all  of  which  are  ap- 
plied to  numerous  useful  purposes  :  bridge  building,  scafEolding, 
ladders,  water  pipes,  rafts,  roofing,  chairs,  beds,  &c  They  are  of 
all  sizes  up  to  60  feet  in  length,  and  8  inches  diameter.  The  bamboo 
is  the  most  generally  useful  of  all  the  vegetable  products  of  India, 
and  experiments  seem  to  show  that  it  is  strooger  than  any  other 
Indian  wood.    It  is  EndogenouM,  being  in  reality  a  gigantic  grass. 

A  large  tree  common  to  India  generallv  and  Burmah :  30  feet 
high  ;  4  feet  in  girth  ;  flowers  red.  The  wood  of  a  beautifully 
red  colour,  tough  and  strong,  with  a  fine  grain  and  susceptible  of 

56  I  4006  I  19560  I   863  I  ^'^'^  polish.    It  is  used  in  making  carts,  and  is  in  great  request 
I  I    »  ov  I     '>^  I  5 J  cabinet  makers. 

21  Babbinqtonia  Raoemosa.     This  tree  is  a  native  of  Southern  India,  the  Moluccas,  &c.  : 
I     56  I  3845  I  17705  |   819  |  and  when  in  blossom  is  showy  with  its  large  rosc-coloRred  flowers. 


I     *0|  I 


I 


17 


I 


ARTOOARPUS  MOLLI& 
301  I  I 


I 


18    ^Azadaraghta  Indiga. 
(Mdiaeea,) 

50 


19 


*BAHBt78A, 

{Gramifiacea.) 


(Plains)  I  2801  I 
(Hills)  I  5735  I 


686 
970 


20 


Barringtonia  Acutan- 

GULA. 

{Myriacea.) 


I 
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No.  I    W    I     Ed     I     />      I     /.     I 


The  wood  is  lighter  coloured,  and  cloBe-grainedi  hot  of  less 
strong  than  that  of  the  last  named  species.  It  is  used  for  honso- 
boilding,  and  cart  framing,  and  has  been  employed  for  railway 
sleepers. 
82    ^Bassia  Latifoua.  The  **  Mahwah "  a  well  known  Indian  tree  is  in  most  districts 

{iSapotaea.)  preserved  for  its  large  fleshy  flowers  which  are  eaten  and  nsed  in 

distilling  arrack.    The  wood  is,  however,  sometimes  nsed  for  doors 
I     66  I  3420  I  20070  |    760  |  and  windows  and  f  amitora :  bnt  it  is  said  to  be  eagerly  devoured 

by  white  ants. 
as    Bassia  Longifoua.  a  common  tree  in  Southern  and  Central  India,  esteemed  for 

}     60  I  3174  I  15070  I    730  I  ^^  ^hle  flower  and  fruit,  and  the  oil  extracted  from  its  seeds. 
'  '  '  '  For  these  reasons  it  is  not  commonly  considered  a  timber  tree, 

though  in  Malabar  where  it  attains  a  laree  size,  it  is  used  for 
spars,  and  is  considered  nearly  equal  to  teal  though  smaller. 

24  ^Baubinia  Variboata.       This  and  other  species  of  the  genus  are  valuable,  not  for  their 

(LeguminoitB.)  timber,  bnt  as  ornamental  trees  for  avenues,  &c.,  having  beautiful 

conspicuous  flowers :  the  centre  wood  is  hard  and  dark  like  ebony, 
bnt  seldom  large  enough  for  building  purposes. 

25  ^Bauhinia  Vahui.  Some  species  of  Bauhinia  are  scandent  plants  :  and  among  the 

largest  of  these  is  the  ''Elephant  Creeper"  (a  name  applied  also 
to  Aiyyreia  nervota)  which  destroys  hundreds  of  valuable  timber 
trees  in  the  Sal  Forests  of  Northern  India,  where  one  of  the  most 
arduous  duties  of  the  forest  department  is  the  eradication  of  these 
gigantic  creepers  whose  cable  like  stems  form  festoons  from  tree 
to  tree. 

26  Bbbrya  Ammonilla.  'Trinoomallie^  wood  is  indigenous  to  Ceylon  whence  large 

(  Tiliacea.)  quantities  are  annually  imported  into  India ;  but  the  tree  has  also 

I     50  I  3836  I  26704  I    784  f       °  introduced  into  South  India.    It  is  the  most  valuable  wood 

'  '  '  *  in  Ceylon  for  naval  purposes :  and  furnishes  the  material  of  the 

Madras  Masoola  Boats :  it  is  considered  the  best  wood  for  capstan 
bars,  cross  trees,  and  fishes  for  masts.  It  is  light,  strong  and  flexi- 
ble, and  takes  the  place  of  AmH  in  Southern  India  for  shafts, 
helves,  &c. 

27  Bbtula  Bhojputba.  This  is  the  best  known  of  the  Hhnalayan  birches,  and  is  valna- 

iBetulace€B)  ble  for  its  abundant  loose  bark  nsed  as  paper,  and  for  lining 

baskets,  hookah  tubes,  &c. :  also  as  a  layer  over  the  planking 
for  roofii  to  receive  the  tiles  or  terrace  in  the  native  houses  in 
Tibet,  &C. 

28  BlOKOMiA  CHBLOHOIDI&       This  tree  with  its  large  fragrant,  brownish-orange  coloured 

(Bignoniaca.)  flowers,  is  considered  sacred  by  the  Hindiis,  and  is  consequently 

I     48  I  2804  I  16657  t   642  I  ^^  largely  available  as  timber.    The  wood  is  highly  coloured, 

'  '  *  '  oranse  yellow,  hard  and  durable :   a  good  fanc^  wood  and 

suitable  for  house  building.  It  is  found  in  Southern  India  and 
AssauL 

29  BiOHONi A  Stipulata.  A  flowering  tree  of  the  Tenasserim  forests  which  furnishes  loes 
I  tu  I  Ri^nn  I  Oi^QQA  I  iQfiA  I  1®  ^^  ^  length,  and  4  feet  in  girth,  with  strong,  fibrous  elastic 
I     w  I  oucw  I  ^»yo  I  19<M>  I  jjjjn^  resembling  Teak,  used  in  house  building,  and  fbr  bows  and 

spear  handles.  This  is  one  of  the  strongest^  densest,  and  most 
valuable  of  the  Burman  woods. 

30  •BOMBAZ  Hbptaphtllum.    The  large  and  stately  Bed  "  Cotton"  tree  is  widely  distributed 

(fiombaeem.)  throughout  India  and  Bnrmah.    Its  light  loose-grained  wood  is 

I  I  2225  I   6951  I   678  I  ^^^^  ^  timber,  but  is  extensively  lund  for  packing  cases,  tea 

'  '  I     '    I  cbegtB,  and  camel  trunks  :  and  aa  it  does  not  rot  in  water,  it  is 

useful  for  stakes  in  canal  banks,  &c.  It  is  a  rapidly  growing 
tree,  and  long  planks  three  feet  in  width  can  be  obtained  from 
old  trees. 

31  BORAfiSUS  FIiABELLIPOB-       The  "  Palmyra  palm  *'  is  inferior  only  to  the  Date  and  Cocoanut 

MIS.  palms  to  the  natives  of  Asia.    The  sap  furnishes  toddy,  the  seeds 

(.PalmaceiB.')  are  eaten,  the  leaves  are  used  for  thatching,  mats,  baskets,  and  for 

I     65  I  4904  1 11898  I  014  I  ^^^''S  °Pon  :  while  the  timber,  which  is  very  durable  and  of 

'           '  *  great  Btiength  to  siutain  cross  struni  is  used  for  raften,  joists  and 
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battens.    The  trees  have  howeyer  to  attain  a  considerable  age, 
before  thej  are  fit  for  timber. 
S2      Bbibdxlia  Spihosa..  A  large  tree  of  Central  and  Sonthem  India,  with  strong,  tongh, 

(EuphorHaea,)  durable,  close-grained  wood,  of  a  copper  colour,  which  however  is 

I     60  I  4182  I  U801  I    892  I  ?**  ^j^J  ^^''^^^    ^'  "  employed  by  the  natiTes  for  cart  bnild- 
*  '  '  ■  *  ing  and  house  beams  :  and  is  also  nsed  for  railway  sleepen.    It 

lasts  well  under  water,  and  is  consequently  nsed  for  well  curbs. 

33  *Bl7TBA  Fbondoba.  The  *dhdk'  tree,  with  its  brilliant  scarlet  blossoms,  is  widely 

CLiffuminosa,)  distributed  throughout  India,  and  often  forms  large  tracts  of  low 

forest  The  woc^  is  generally  small  or  gnarled,  and  nsed  only 
for  firewood.  In  Ouzerat,  howeyer,  it  is  extenslvdy  nsed  for 
house  purposes ;  and  deemed  durable  and  strong.  The  flowers 
giye  a  bright  yellow  dye. 

34  BnxUB  NBPALBNSI&  The  Himalayan  box,  which  is  found  in  the  North-West  Hima- 
{Euphorbiaeetf,}             layas,  but  nowhere  abundantly,  furnishes  a  yery  yaluable  wood 

for  wood  engraying ;  but  not  equal  in  closeness  and  grain,  or 
hardness,  to  "  Turkey  "  or  European  box.  It  can,  however,  be  nsed 
for  all  but  the  finest  wood  engraying,  and  is  largely  employed 
for  this  purpose  at  the  Thomason  C  K  College,  at  Boorkee. 

35  BTmTBBiA  ip.  This  tree  is  abundant  in  Tenasserim,  and  furnishes  a  wood 
(  Byttneriaeea. )              of  great  elasticity  and  strength,  invaluable  for  gun  carriages.    It  is 

I     63  I  4284  I  26671  |  1012  |  used  by  the  Burmese  for  axles,  cart  poles,  and  spear  handles. 

36  Gjbbalpinia  Sappan.         This  tree  is  widely  distributed  through  South-Eastem  Asia, 

{Legutinmota.)  and  is  an  important  article  of  commerce  ;  but  from  its  value  as  a 

I     fin  I  iTon  I  ooR7fi  f  1  Rin  f  dye-wood,  it  is  not  available  as  timber  :  though  it  is  admirably 
I     w  I  47 w  I  ^^67»  1 1540  I  ^^p^^  fo^  ornamental  work,  being  of  a  beautiful « flame '  colour, 

with  a  smooth  glassy  snrfsoe,  easily  worked,  and  neither  warping 
nor  cracking. 

37  Calamur  There  are  many  species  of  this  genus,  furnishing  the  rattan 
iPahnacea,)                canes  of  commerce,  which  are  used  for  **  caning  "  chairs,  light 

carriages,  &c  To  the  Engineer  they  furnish  materials  for  sus- 
pension bridges  of  considerable  span :  the  natives  of  the  Khasia 
hills  make  single  spans  of  800  feet  with  these  strong  and  flexible 


38  CALOPHn^mi   Auonsii-    This  is  one  of  the  trees  furnishing  the  valuable  *  Poon '  spars  : 

roLiUM .  ased  in  ship  building.    The  trees  are  becoming  scarce  on  the 

(^Outtyera.)  Malabar  Gh&ts,  and  should  be  conserved.   Drs.  Roxburgh,  Gibson, 

I     AR  I  9Qi.i.  I  iRQ£/  I    fiio  I  A^d  Cleghom  concur  in  stating  that  C,  AuautiifoUttm  furnishes 

I     4o  I  ^sf44  I  15W4  I    61 J  I  ^^  p^  ^^  ^  commerce  :  but  C,  Inophylhm  also,  as  weU  as 

Cakfioecion  aug%gtifoUa^  DiUtmia  pentagyna^  and  StereuUa  /«- 
Hda  also  furnish  timber  often  termed  Poon. 

39  Calophtllum  Longi-         A  tree  of  Pegu  and  Manlmein,  furnishing  a  red  wood,  excellent 

FOLIUM.  for  masts,  helves,  &c.,  and  also  (when  well  cleaned  and  polished) 

I  45  I  8491  1 16888  I  546  I  ^'  furniture :  but  it  does  not  appear  to  be  abundant  The  timber 
'  '  '  ■  '  of  this  tree  is  sometimes  termed  **  Red  Poon." 

40  *Cabkta  Abbobba.  This  tree  grows  in  most  parts  of  India  of  a  good  size,  and 
iBdtrinytoniacem,)            furnishes  a  tenacious  and  durable  wood,  which  admits  of  a  fine 

I  50  I  3266  I  14803  I  870  I  ^^  .  ^*i^'  °°*'  however,  appear  to  be  much  used  m  timber 
I     gg  I  I  I    ofre    except  in  Pegu,  where  it  grows  to  a  very  large  size,  and  is  the 

*  *  '  I      '  *>  i  chief  material  of  which  the  carts  of  the  country  are  made,  and  the 

red  wood  is  esteemed  equivalent  to  Mahogany.    It  is  useful  m  a 

shady  avenue  tree. 

41  'Casuabina  Mubioata.       This  fir-like  tree,  imported  from  Tenasserim,  is  common  now  in 

{Ooiuarinaeea,)  most  parts  of  India,  in  avenues,  gardens,  &c.    It  thrives  best  in 

I  RR  1 1171 1  9nk»T  I  Qon  I  s^dy  tracts,  especially  near  the  sea.  It  yields  a  strong,  fibrous 
I     oo  I  44/4  I  zuwi  I    yju  I  ^^  gj.^  ^^^^  ^^  ^  reddish  brown  colour.    It  grows  with  great 

rapidity  :  and  is  admirably  fitted  for  stakes  in  canals,  &c. 

42*  Cath  ABTOCABPUsFlSTULA.    This  is  an  ornamental  tree  for  avennes  and  gardens,  scarcely  to 

{Legumimoia.)  be  surpassed  in  beanty  when  covered  with  scented  masses  of  yel- 

I     ii  I  ^IKQ  I  i77n«  I    stAit  I  ^^  pendulous  blossom.    It  is  found  all  over  Southern  Asia,  but 

I     411  ^ AOd  I  17  /ud  I   M6  I  g^Q^^iy  g^  ^  gmiji  t^g  ^hogg  cloBC-grained,  motUed,  dark  brown 
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43 


wood  is  BDited  for  famitnre :  in  Malabar,  howeyer,  it  grows  laige 
enough  to  be  naed  for  spars  of  native  boats. 

The  <*Toon"  is  a  yalnable  tree  found  thronghont  India,  and 
yields  a  wood  extensively  nsed  by  furniture  and  cabinet  makers ; 
3112684  1    9000  1    550  I  7^^^  ^^^^^'^  °?*  ■*~"«»  j»  ^^^l^t,  *«>ma^^^ 

I  3568      ^^  I  I  ^°^y  ▼eined,  easily  worked,  and  susceptible  of  a  high  polish.    It 

I  <»ooo  I  I  I  ig  an  admirable  avenue  tree  with  handsome  evergreen  foliage. 


^Gbdbsla.  Toona. 
(^Cedrelacea.) 


44 


Cbdbub  Dbodaba. 
(Canifera,^ 
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TUs  handsome  tree  of  the  North- West  Himalaya  furnishes  a 
fragrant,  almost  imperishable,  timber  of  great  value  in  roof  and 
bridge  building,  and  for  railway  sleepers.  It  is  considered  to  be 
identical  with  the  cedar  of  Lebanon.  It  is  the  most  valuable 
timber  of  the  Himalayas,  where  it  grows  in  large  forests.  The 
appearance  of  the  tree  and  value  of  the  timber  vary  much  with 
the  soil  and  aspect  of  the  place  where  it  is  grown. 

45  CmoKBAflSiA.  TabulabiB.    This  is  one  of  the  trees  named  in  commerce  *'  Chittagong  "  wood, 

{Cedrelac€€B.)  though  occnning  also  in  Burmah,  Southern  India  and  Eastern 

I     A9  I  tkOTn  I    QQAQ  I    a^Al  Bengal    The  wood  resembles  **  Toon  "  in  appearance  and  aroma, 

used  as '  Mahogany '  by  cabinet  makers. 

46  Chlobozlon  Swibtenia.     This  tree  of  Southern  India  and  Oeylon,  prednoes  a  beautiful 

(Cedrelaoea,')  yellow  wood  somewhat  resembling  'box'  and  known  as  Satim 

ISA  I  ^1  Ao  I  11  QAo  I    fiTA  I  ^^^  •  i^  ^  ^^  adapted  for  ornamental  decoration,  and  for  pic* 
60  I  41M  I  11969  I    »70  I  ^j^  ^^^^^^  ^  ^^^jy  ^^  ^  American  maple.    Logs  up  to  18 

feet  long  and  6  feet  in  girth  are  obtainable  in  Madras.  It  is  a 
hard  and  durable  wood,  nsed  for  posts  and  rafters,  agricultural 
implements,  and  wheel  naves. 

The  **  Goooanut  palm"  widely  distributed  through  Southern  In- 
dia and  the  Eastern  Archipelago,  is  one  of  the  moat  valuable  of 

7013605  1    91501   cog  |  *^:,^l?y  ^""Sl^S'l^ ''?>  ^^M™"^^ 

•  V  I  wwu  I    «»x«/v  I   WW  I  ^^^  durable  wood,  fitted  for  ndge  poles,  rafters,  battens,  posts, 

pipes,  boats,  &c.  It  grows  from  40  to  100  feet  high,  and  2  to  4 
feet  mean  girth,  and  tnrives  best  near  the  sea. 

48  GONNABUR  Spboioba.  A  large  tree  plentiful  in  the  Burmese  forests,  with  heavy, 

(^Connaraeea.)  strong  white  timber,  adapted  to  every  purpose  of  house  building. 

49  CONOOABPUS  AcuHiNATUS.    A  large  timber  tree  of  Southern  India  and  Burmah,  where  it 

(fiombreiaees,^  relushes  a  height  of  80  feet  before  the  first  branch,  and  a  girth  of 

i      Ktk  I  i^oRo  I  OAAOQ  I    oQA  f  ^^  ^^^  ^^  ^  ^^^  abovc  gTOuud.    Thc  heart  wood  is  reddish  brown, 
I     S3  I  4dSJ  I  im£6  I    880  I  hm^  and  durable  ;  used  for  house  and  cart  building.    If  exposed 

to  water  it  soon  decays. 
M  *Ck)MOGABPns  LATIF0LIX7&    This  is  an  equally  large  tree  as  the  preceding :  but  it  is  more 
I     Ale  I  RAQo  I  01 1  cR  I  tooA  I  wldcW  distributcd,  occurring  in  Northern  India,  and  in  the  Dehra 
I      65  I  6083  I  21165  j  1220  \  j^^^     j^  fnrnishes  a  hard  durable  chocoUte  coloured  wood, 

very  strong  in  sustaining  cross  strain.  In  Nagpore  20,000  axle 
trees  are  annually  made  m>m  this  wood.  It  is  well  suited  for  car- 
riage shafts. 

This  is  a  handsome  lofty  tree  of  the  North-West  Himalaya'; 

but  is  not  at  all  abundant :  and  being  esteemed  as  sacred  (and 

I  termed  'dewadara'  (deodar)  or  "god  timber"  in  some  hill  states) 

I  it  is  not  felled  or  made  generaUy  available  as  timber,  though 

veiy  well  suited  for  this  purpose. 

This  tree  is  distributed  throughout  India,  but  reaches  perfec- 
tion on  the  Malabar  ooast    It  is  perhaps  the  most  valuable  tree 
r^  I  Aj[\Rsi  I  QAOfiQ  I    Q1Q  I  o^  ^0  Madras  prssidency,  furnishing  the  weU  known  Malabar 
ou|WM|-WJiWl    »^^  I  blackwood.    The  trunk  sometimes  measures  15  feet  in  girth,  and 

planks  4  feet  broad  are  often  procurable,  after  the  outside  white 
wood  has  been  removed.    It  is  nsed  for  aJl  sorts  of  furniture,  and 
is  especially  valued  in  gun  carriage  manufacture. 
S3  *DALBBBGiA  OoJEIMBBBIS.    A  tree  80  feet  high,  growing  in  the  valleys  of  the  Himalaya,  in 

Ondh,  on  the  Qodavery,  and  in  Bombay.  The  centra  timber  is 
dark,  of  great  strength  and  toughness,  especially  adapted  for  cart 
wheels,  and  ploughs. 


51     CUPBBflSUS  TOBULOBA. 

(fionifera,') 

I        t        !         I 


62  Dalbbboia  Latifoua. 
(^Legwmnoia,) 

I 
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54  *Dalbbboia  Sibsu.  There  is  scarcely  a  tree  in  India  whidi  deserves  more  attention 

IRn  I  Aixoui  I  9i9r7  I    fi/v7  I  ^^^  ^^®  Sisnit  taking  into  acooont  its  beauty  and  nses,  and  its 
Vkii    1 9^79      THA    rtipid  growth  in  every  soil.    It  is  said  to  attain  perfection  in  28 
I  361b  I  i^£  1    7Ub  I  ygjy^    jj  jg  ^.^^y  gpj^j^^  throngh  Northern  and  Central  India, 

and  is  more  used  than  any  tree  for  avennes  along  roads  and  canals, 
and  for  planting  in  Cantonments.  It  fninishes  the  Bengal  Gnn- 
carriage  agencies  with  their  best  timber,  and  is  the  boit  of  all 
Indian  woods  for  joiner's  work,  tables,  chairs  and  fnmitare. 

55  DiLLENiA  PBHTAGTNA.         A  Stately  and  valuable  forest  tree  of  Soatfaem  India  and 

{DiUeniaeeiS,)  Bnrmah,  famishing  some  of  the  noon  spars  of  commerce.    The 

I      70  I  3650  I  17053  I    907  I  ^^^  ^  '^^^  ^  house  and  ship  oailding  :  being  close-grained, 
I      /u  I  aoou  I       o«>  I    ;iu/  I  ^^ngii^  durable,  (even  under- ground,)  of  a  reddish  brown  colour, 

not  easily  worked,  and  subject  to  warp  and  crack. 

56  'DlLLENlA  SPlfiClOSA.  The  ChuUa  is  a  large  and  ornamental  tree  of  India  and  Burmah , 

I     If:  I  QQfcR  f  19i;qi  f    791  I  ^^^  lATge  fragrant  white  flowers,  edible  fruit,  and  light,  strong, 
I     46  I  AJ&o  I  i-«)»i  I    tAi\  jjgjj^  ^^^^  ^^^  ^^  jjj^  g^jjj^  general  characteristics  with  the  pre- 
ening tree.    It  is  used  in  house  building  and  for  gun  stocks. 

57  DiOSFntOS  Ebbnum.  The  true  Ebony  tree  glows  in  Ceylon  and  Southern  India. 

(^Ebenaeta,)  This  heart  wood  is  deep  olack,  the  outer  wood  is  white;  with 

advancing  age  the  black  wood  increases.  It  is  much  affected  by 
the  weather,  so  that  it  is  seldom  used,  except  in  veneer,  and  deli- 
cate and  costlj  cabinet  work 

58  DiOflPTBOS  HiBSUTA.  A  middle  sized  tree  of  Ceylon  and  Coromandcl,  furnishing  one 

I      fiO  I  429fi  I  19830  I    757  I  ^^  ^^  Caiamander  woods  of  commerce,  of  a  chocolate  colour, 
I     ou  I  *^yo  I  ivooM  I    i04  \  ^^  hlack  streaks  and  marks,  esteemed  for  ornamental  purposes : 

scarce  and  valuable.  Obtainable  in  logs  12  feet  long,  4  feet  in 
girth. 

59  DiOflPTBOB  Mblonoxtlon.  This  is  a  very  large  tree  of  South  India  and  Pegu,  furnishing  a 
I  Qi  f  rm-'a  t  i rb79  i  ii an  i  vdlnsble  wood  for  inlaying  and  ornamental  turnery,  the  sap  w<x>d 
I     »i  I  5008  I  i&»7»  I  1 1  w  1  ^jjjj^^  ^^  jj^^  ^Q^  ^^^  grained,  heavy,  close  and  bUck,  sUnd- 

ing  a  high  polish. 
50  DiOBPTBOB  TOHBHTOSA.  This  is  the  North  Indian  representative  of  the  ebony-pro- 
ducing Southern  forms  of  Dyospyros :  occurring  in  Northern 
Bengal,  Oudh,  &c  ;  a  tall,  elegant  tree,  fmnishing  a  hard  and 
heavy  black  wood.  The  young  trees  are  extensively  felled  by 
the  natives  as  cart  axles,  for  which  they  are  well  suited  from 
their  toughness  and  strength. 

61  DiPTEBOCABPUS  Alatub.       A  magnificent  forest  tree  of  Pegu  and  the  Straits,  rising  250  feet 

{Dipterocarpacea.)  in  height,  and  100  feet  to  the  first  branch.  The  timber  is  excellent 

t     ^g  I  0047  I  18781 760  I  ^^  ^▼eiy  pnrpoee  of  house  building,  but  if  exposed  to  moisture 

I       o  \a    <  1      to        '  ^'^  I  is  not  durable :  it  is  hard  and  coarse-grained,  with  a  powerful  odour, 

and  of  light  brown  colour.    It  furnishes  wood  oil. 

62  DlPTEBOOABPUS  TUBBI-  This  is  another  lofty  wood  oil  tree  of  Assam  and  Burmah,  and 

NATUS.  the  Andamans,  with  a  coarse-grained  timber  of  a  light  brown  co- 

14^  I  SSS''  i  1^070  I    762  I  ^^^'  °^^  ^^i^J  worked,  and  not  durable.    It  is  used  by  the  natives 
49  I       ^^  I  I    QQ<T  I  for  house  building,  in  sawn  planks,  which  will  not  stand  exposure 

11  '1  and  moisture. 

63  *Emblica  Offioinalis.      The  tree,  producing  the  Myrohalan  fruit,  is  distributed  through- 

{Euphifrbiaeea.')  out  India,  rurnlBhing  a  hard  and  durable  wood,  used  for  gun 

I     46  I  2270  I  16964  |    562  |  stocks,  furniture,  boxes  and  veneering  and  tpming :  it  is  suitable 

for  well  cnrlM,  as  it  does  not  decay  under  water. 

64  *Ebtthbi9A  Imdioa.  A  common  tree  throughout  India  and  Burmah,  with  a  profusion 

{LegnminoiO, )  of  brilliant  scarlet  blossoms,  whence  it  is  called  tiie  "  Coral "  tree : 

it  furnishes  a  soft,  white,  easily  worked  wood,  being  light,  but  of 
no  strength,  and  eagerly  attacked  by  white  ants.  It  is  used  for 
scabbards,  toys,  light  boxes  and  trays,  &c.  It  grows  very  quickly 
from  cuttings. 

65  'Eucalyptus.  This  is  not  an  Indian  genus,  but  many  species  are  now  being 

(Mffrtacea,)  naturalised  in  both  the  Hills  and  plains  of  India,  imported  from 

Australia.  Sufficient  time  has  not  yet  elapsed  to  establish  the  va- 
lue of  the  **  Blue  gum "  and  other  Eucalypti  when  grown  in  India. 
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66    *F£BOKIA  Elephantuv. 
(Aurantiucea.) 

I     60  I  3248  I  13909  I    645  | 


67         ^Ficus  Elabtioa. 
{Moracea,') 


68      *Ficns  Glomebata. 


I 


40  I  2113  I  12691  I  688  | 
I  2096  I 

♦FiCUB  INDICA. 

36  I  2876  I  9167  1  600  | 


70 


71 


"Ficus  Rbligioba. 

34  12454  1    7636  1    5841 
I  2371  I  I    468  I 

*Gmblina  Asbobba. 
{VerbtfUKea,) 

35 1 2132 1  I  I 


72  (a)  *Grbwia  Elastioa. 
(3)  Gbbwia  Tiuobsolia. 

iTiliaeea.) 

I     34  I  2876  I  17460  I    565  | 

73  Guattbbia  Lonqifolia. 

(Anonacea.) 

I     37  I  2860  I  14720  |    547  | 

74  Habdwikia  Binata. 

LeguminosiB,) 

I     85  I  4679  I  12016  ]    942  | 

75  Hebitieba  Minob. 

{Sterculiacea.') 


I     64  \  3775  I  29112 
4677 


816 

1312 

926 


76        HOPBA  Odobata. 
iDipteracea,) 
I     58  1  I  I    8001 

I     46  I  3660  i  22209  I    706  I 

77  *INQA  LUdDA. 

{IiegwniinotiB,) 


The  tall  Wood  apple  tree  is  widely  diffused  thronghoat  India, 
both  wild  and  in  gtudens  and  groves  ;  the  pulp  of  the  large,  hard 
shelled  fruit  is  eaten  :  and  the  bark  famishes  a  large  qaantity  of 
clear  white  gum,  known  as  "  East  India  Gum  Arabic. "  It  has 
a  yellow  coloured,  hard,  and  compact  wood,  used  by  the  natives.in 
house  and  cart  building ;  and  in  some  places  employed  as  Railway 
Sleepers. 

The  Caoutchouc  fig  tree  grows  on  the  Hills  of  Assam  and 
Silhet,  but  is  to  be  found  as  an  imported  tree  in  other  parts  of 
India.  The  milky  Juice  is  extracted  by  incisions  across  the  bark 
down  to  tibe  wood :  50  ozs.  of  the  juice  furnish  50  ozs.  of  Oaoot- 
chouc 

The  Cooler  is  a  wide  spreading  shady  tree,  producing  great  num- 
bers of  small  red  fies  growing  in  clusters  on  the  branches.  The 
wood  is  light,  tough,  coarse-grained,  and  brittle.  It  is  used  for 
door  panels,  and  being  yery  durable  under  water,  for  well-curbs. 

The  well  known  <*  Banyan  '*  qt  <<Bur"  is  one  of  the  common- 
est trees  of  India.  Its  wood  is  brown  coloured,  light,  brittle  and 
coarse-grained,  neither  strong,  or  durable  Texcept  under  water,  for 
which  cause  it  is  used  for  well  curbs.)  The  wood  however  of  its 
pendent  aerial  roots  is  strong  and  tough,  and  used  for  yokes,  tent 
poles,  &c. 

The  Pipal  is  as  widely  spread  and  well  known  as  the  Banyan, 
and  with  it  is  planted  near  temples  and  tombs,  and  in  sacred 
groves.  The  wood  is  similar  in  appearance,  characteristics  and 
uses  to  that  of  the  Banvan. 

A  large  forest  tree  of  Central  and  Southern  India  and  Burmah  : 
a  suitable  tree  for  avenues  from  its  size,  straigfatness,  and  hand- 
some flowersL  It  has  a  pale  yellow  wood,  light,  easily  worked, 
not  shrinking  or  warping,  strong  and  durable,  especially  under 
water:  it  is  nowever  rei^ilv  attacked  by  white  ants :  used  for 
furniture,  carriage  panels,  palkees,  &c.  -  In  Burmah  used  for  poets 
and  house  building  generally. 

IxL  some  parts  of  bidia  these  trees  are  said  to  reach  a  large  size, 
but  the  wood  generally  is  procured  in  small  scantlings,  suitable  for 
spear  shafts,  carriage  and  dooly  p6ie»,  bows,  and  tool  handles,  for 
which  it  is  admirably  adapted  being  light,  soft,  flexible  and  fibrous, 
resembling  lance  wood  or  hiekory. 

This  hiuidsome  erect  tree  with  beautiful  foliage  and  dark  shade, 
is  much  grown  as  an  ornamental  avenue  tree  in  Southern  India. 
The  vrood  is  very  light  and  flexible,  but  is  not  .used  except  for 
drum  cvlinders. 

An  elegant,  tall  and  erect  tree  of  Central  and  Southern  India, 
furnishing  a  red  or  dark  coloured,  very  hard,  very  strong  and 
heavy  wood,  useful  for  poets,  pillars,  and  pUes :  and  excellent  also 
for  ornamental  turnery. 

This  peculiar,  gloomy  looking,  tree,  known  in  Bengal  as  the 
<<  Soondree, "  grows  on  tracts  occasionally  inundated  by  &e  tides  in 
Tenassorim  and  the  Gangetic  Delta,  (giving  their  name  to  the 
Soonderbunds.)  It  is  the  toughest  wood  that  has  been  tested  in 
India,  and  stimds  without  a  rival  in  strength,  and  is  used  for 
piles,  naves,  felloes,  spokes,  and  carriage  shafts  and  poles.  It  is 
nowever  a  perishable  wood,  and  shrinks  much  in  Beasoning. 

One  of  the  finest  timber  trees  of  British  Burmah,  sometimes 
reaching  80  feet  in  height  to  the  first  branch,  and  12  feet  in 
girth :  a  large  boat  of  8  feet  beam  and  carrying  4  tons,  bein^^  some- 
times made  of  a  single  scooped-out  trunk.  The  wood  is  close 
even  grained,  of  a  light  brown  colour. 

A  very  &ie  and  rapid  growing  timber  tree  from  Southern 
India,  Burmah,  Assam,  Nepanl,  &c.,  growing  to  a  {^reat  height, 
with  sweet  scented  blosBoms,  and  magnificent,  shady,  foliage : 
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well  siiited  for  ATenneflL  The  heart  wood  is  black,  and  is  termed 
Iron  mood  in  Bormah. 

78  INGA  Xtlocarpa.  Thia  valnable  timber  tree  known  as  the  Item,  toood  of  Arracan 
I  ra  I  ^oQQ  I  lAART  I  BQA  I  ^  found  throughont  Sonthem  India  and  Bnrmah,  fumiahing  a 
I  58  I  €JW  I  I6t»&7  I  WJb  I  ^^^  ^^  ^^^  goperior  qnality,  heayy,  hard,  cloae-grained,  and  du- 
rable, and  of  a  yerr  dark  red  oolonr :  it  is,  however,  not  eaailj  work- 
ed and  reaiflta  naiU  It  ia  eztenaiyelj  naed  for  bridge  boilding, 
posta,  piles,  &c,  and  is  a  good  wood  for  sleepers,  laating  (when 
jndicioosly  selected,  and  thoroughly  seasoned^  for  six  years. 

79  JUGLANB  Reoia.  The  Walnut  is  abondant  in  the  yillagea  of  the  N.-W.  Himalaya, 
{Juglandaoe€e.)              and  its  beantifnl  wood  ia  used  for  all  sorts  of  furniture  and  cabinet 

work  in  the  bazaars  of  the  Hill  Stationa. 

80  'LAQBBSTRiBiiiA  Beginol     This  is  a  most  beautiful  flowering  tree  from  South  India,  Burmah 

{Lythracea.)  and  Assam,  but  introduced  into  the  gardens  of  North  India  for 

Af%  I  oecr  I  1RQQQ  I    A07  I  ^®  beauty  of  its  luxuriant  purple  blossoms.     In  Burmah  it 
40    3666    159»0      b97    ^^^  ^  ^  j^^^  ^^^^  ^^  ^^  ^^^  ^  ^^  ^^^  exteusiyely  than 

^^1  I  *  I  any  other,  except  Teak,  for  boat,  cart,  and  house  buUdine,  and  in 

the  Madras  sun  carriage  manufactoiy,  for  felloes,  naves,  nramings 
of  wagons,  &c. 

81  *Maitoifbba  Ihdiga.  The  Mango  is  generally  diffused  over  all  the  wanner  parte 

(  Terehintkaeem.)  of  Asia,  and  is  much  esteemed  for  ito  fruit    Ite  wood,  however,  is 

i     Ao  •  QTiA  I    QKift  I    AQ«  I  ^  inferior  quality,  course  and  open  grained,  of  a  deep  gray 

f loA     77nQ      KAn    colour,  decaying  if  exposed  to  wet,  and  greedily  eaten  by  white 

1  I  ^""  I   ^  '"^  I    ^^^  ants.    It  is,  however,  largely  used,  being  plentiful  and  cheap,  for 

common  doors  and  doorposte,  boards  and  furniture,  and  also  for 
firewood.  It  should  never  be  used  for  beamt,  as  it  is  liable  to 
snap  off  short. 

82  MKlanobhoba  Usita-         The  Vamith  tree  of  Burmah  forms  large  forests  in  conjunction 

TissiHA.  with  Teak  and  Sal,  and  furnishes  a  dark-red,  hard,  heavy,  close 

{Anaeardiaoea,)  and  even-grained  and  durable  (but  brittle)  timber,  useful  for  hdves, 

I     61  I  8016  I  I    514  I  sheave  blocks,  machinery,  railway  sleenevs,  &c 

83  *Mblia  Azadarach.         The  "Persian  lilac"  of  India  whicn  grows  throughout  China, 

{Meliaea.^  India,  Syria,  &c.,  is  ornamental  when  in  full  foliage,  and  covered 

on  I  OKI/!  I  11077  I    RQA  I  ^^  Bwcct  scented  lilac  flowers :  but  it  is  deciduous,  and  bare 

I     30  I  ^5ib  I  1 4Z77  I    ow  I  ^£  j^^^  ^^  jjjjj^y  mraiths,  showing  then  only  its  bunches  of  yellow 

'beads';  so  that  it  is  not  altoge&er  desirable  as  an  avenue  tree, 
though  very  much  planted  for  this  purpose.  The  soft,  red  coloured, 
loose  textured  wood  (resembling  in  appearance  cedar)  is  used 
only  for  li^ht  furniture. 

84  *MiCHBLiA  ChampACA.      A  fine  tmiber  tree  with  handsome  foliage  and  flowers.    In  the 

(  kagnoUacea.)  Dehra  D6n  it  reaches  16  feet  in  girth.    In  Mysore,  trees  measur- 

j     42  I  I  I  I  ing  60  feet  in  girth,  3  feet  above  ground  level  are  found,  and  slabs  6 

feet  in  breadu  can  be  obtained ;  as  the  wood  takea  a  beautiful 
polish,  it  makes  handsome  tables :  it  is  of  a  rich  brown  colour. 
88*MiLLiNaTONiAHOBTEN8lS.     A  very  handsome  tree  for  avenues  ;  tall  and  straight,  with 
(^Bignoniaeeee,)  graceful  foliage  and  fragrant  white  flowers.    It  grows  very  ra- 

pidly, but  is  not  long  UvmI,  and  is  easily  injured  by  storms.    The 
bark  is  soft  and  spongy ;  the  wood  is  white,  fine  and  dose-grained, 
but  of  little  use. 
*MlMU80P8  Elengi.  This  is  an  ornamental,  more  than  a  useful  tree,  grown  in  gar- 

(^Sapotac9€tJ)  dens  and  avenues  throughout  India  and  Burmah,  for  the  befuity 


•     <*i  I  Off KQ  I  11  Qiso  I   «QQ  I  of  ite  foliage,  and  ite  fragrant  white  flowers.    The  wood  is  heavy, 
I     61  I  8668  I  H86»  I   ^z  \  ^^^^  ^^  even-grained,  of  a  pink  colour,  standing  a  ^  polish  : 

and  is  used  for  cabinet  making  purposes,  and  ordmary  house 
building. 

87  MnrraoPS  HsZAinoBA.  This  tree  grows  in  South  India  and  Gnzerat,  and  furnishes  wood 
I  7A  I  ooifi  I  10AQA  I  oil  I  ▼^  similar  to  the  last  named,  used  for  similar  purposes ;  and 
I     70  1  8348  1  15HW6  |   »44  |  ^^^  iflgtrumente,  rulers,  and  other  articles  of  turnery. 

88  MmuaoPS  Indiga.  This  is  a  valuable  tree  of  South  India  and  Oeylon  ;  with  a 
I  AQ\  A€u%ti%  oQQoi  I  fliR  I  coarse-grained,  but  strong  fibrous  durable  wood  of  a  reddish  brown 
I     48  I  4296  I  £S6H  \   8f  u  |  ^^^^  .  ^^^^  ^^^  y^.^^  building,  and  for  gun  stocks. 
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89  •HoBiNo A  Ptbbtqospbbmi.    a  bandtome  tall  tne,  with  shadj  foliage^  and  of  rapid  growth. 


(Jfon'fi^cftf.) 


90 


•MOBUB  INBIOA. 


91 


Nauclba  Caoumba. 
{Cinehonacea.') 


The  wood  is  white  and  soft ;  and  the  Bcrapings  from  -the  root  form 
a  good  sabstitnte  for  the  horse  radish. 

This  species  of  Mulberry,  as  well  as  Marut  MultieaUHi.  and 
M,  Nigra,  are  common  in  Northern  India :  in  some  parts  of 
the  Pnnjab  and  Oodh  being  plimted  in  connection  with  silk 
worm  rearing.  It  is  also  grown  in  ^^ennes,  for  which,  howerer, 
it  is  nnsnited,  being  for  many  months  qnite  bare  of  leaves.  The 
wood  is  yellow,  dose-grained,  Teiy  tongh,  and  well  soited  for 
taming. 

A  noble  ornamental  tree  of  India  and  Bnrmah,  with  orange 
coloured  flowers :  sometimes  in  the  latter  conntry,  rMching  80  feet 
in  height,  and  12  feet  in  girth.    It  has  a  hard,  deep  yellow,  loose- 

Seined  wood,  used  for  farnitore.    In  the  Owalior  bazaars  it  ia 
e  commonest  building  timber,  and  is  mnch  nsed  for  rafters  on 
account  of  cheapness  and  lightness,  but  it  is  obtained  there  only 
in  small  scantlings. 
9a    *N A VCLBA  OoBDiFOUA.       This  is  also  a  very  large  tree,  with  a  wc^  close  even-grained  wood 

142  I  8052  t  10431  t    664  t  ^^^^^b^^^^S  '°  appearence  Box,  bnt  light  and  more  easily  worked, 
I  8467  I  I    506  I  '^^  ^^  susceptible,  to  alternations  of  temperature.  It  is  esteemed 

'  '  '  as  an  ornamental  wood  for  cabinet  purposes. 

9S    *Nauolba  Pabyifloba.      a  laiige  fine  timber  tree :  with  a  wood  of  fine  grain  easily  work- 
42  I  I  I    400  I  ^!  ^^^  ^^  flooring  planks,  packing  boxes  and  ad>inet  purposes  \ 

'  '  *  *  it  is  much  used  by  the  wood  carvers  of  Saharanpur.  *- 

^Phoenix  Stlybstbis.        This  wild  «  date  palm''  is  common  all  over  India,  and  is  valued 
( PahmaceiP,)  for  the  *  toddy '  extracted  from  it    The  trunks  are  used  for  tempo- 

835C 


I 


94 


I 


95 


39  I  3318  I 

PiCBA  WeBBIANA. 
(^Conifera.) 


I    512  I  ^^  bridges,  revetment  piling,  and  water  conduits.    The  wood  is 
*  I  brown  and  cross-grained,  and  not  very  strong. 


I 


881  I  I 

PiNUS  EZOBLSA. 


I 


97 


♦PiNUS  LONGIFOUA. 

4048 

609 

4668 

736 

8806 

594 

8672 

582 

I 


The  ailverfir,  of  the  N.-W.  Himalaya,  grows  at  high  altitudes, 
8000  to  12000  feet,  in  dark  sombre  forests :  and  reaches  from 
100  to  200  feet  in  height,  with  very  short  straight  lateral  branches. 
The  wood  is  white,  soft,  easily  split,  and  used  as  shingle  for  roof- 
ing, bnt  is  not  generally  valued  as  timber. 

A  handsome  lofty  pine  growing  at  altitudes  of  6000to  IIQOO  in 
the  N.-W.  Himalaya,  and  furnishing  a  resinous  wood,  mnch  used 
for  flambeaux  :  it  is  durable  and  close-grained  ;  much  used  for 
burning  charcoal  in  the  hills :  and  also  for  building. 

The  long  leaved  <  Cheer'  pine  is  the  first  of  this  genus  obtained 
in  ascending  the  Himalaya,  growing  from  2000  to  6000  feet  alti- 
tude ;  and  being  common  and  light,  is  largely  used  in  house  build- 
in|:.  It  requires  however  to  be  protected  &om  the  weather,'and  ia 
suitable  for  only  interior  work  in  houses.  It  grows  well  as  an  im- 
ported tree  in  the  plains  as  low  as  Meemt 

This  tree  grows  all  over  India  and  Bnrmah,  and  is  an  excellent 
avenue  tree,  reaching  in  good  soil  a  height  of  40  feet,  with  dense 
^M  I  dark  green  shining  foliaee  all  the  year  round,  which,  however, 
^^ '  is  apt  to  be  much  disfigured  by  numberless  leaf-mining  in- 
sects, '  blotching '  the  leaves.  The  wood  is  light,  tough  and  fib- 
rous, bnt  not  easily  worked,  yellowish  brown  in  colour,  not  taking 
a  smooth  surface.  Solid  wheels  are  made  from  this  wood  :  it  is, 
however,  chiefly  used  as  firewood,  and  its  boughs  and  leaves  as 
manure. 

A  fine  timber  tree,  well  suited  for  dry  sandy  soils,  and  furnishing 
a  strong  hard  tongh  wood,  easily  worked.  It  grows  in  Mysore  and 
Bombay,  bnt  thrives  especially  in  Sindh,  where  it  obtains  a  large 
size.    It  is  common  also  in  the  Jullundur  Doab. 

The  Gua:ta  is  a  well  known  fruit  tree  of  South-Eastem  Asia. 
It  is  a  small  tree,  and  furnishes  a  gray  hard,  tough,  light,  veir 
A7  I  QfiTfi  1 141  ii;  I  Ai  A  I  flexible,  but  not  strong  wood :  which  is  very  close  and  fine  grained, 
4/  I  ^<o  I  itfiib  I  ^i»  I  ^^  g^giiy  ^^^  smoothly  worked,  so  that  it  is  fitted  for  Wood  En- 
graving, and  for  handles  of  scientific  and  other  instruments. 
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^PoNOAMiA  Glabra. 
{Legtuninoed.") 

40  I  3481 1  11104  I 


99    •Pbobopib  Bpioiobba. 
(X^gntminosiv.) 

too     ^PftDXUM  P<niIVEBUM. 

{Mfrtacea.') 
I 
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101  PTEBOCABPUa  Dalbeb-        This  large  and  handsome  Padotvk  tree  is  a  native  of  the  An« 

QIOIDE&  daman  and  Burmese  forests,  and  famishes  a  red.  Mahogany  like 

{l^guminoia.^  timber,  prized  by  the  natives  above  all  others  for  cart-wheels,  and 

I     5G  I  4180  I  19036  I    864  |  extensively  used  by  Government  in  the  constmction  of  ordnance 
49  I  I  I    934  I  carriages. 

102  FteBOOABPUS  Mab-  This  large  and  very  beaatif  ul  tree  is  widely  diffused,  and  yields 

BUPIUM.  one  of  the  most  abundant  and  useful  timbers  of  Southern  India, 

I      ».^  I  ^tan  I  f  AAJo  I    QfiQ  1  wid  also  the  valuable  gum  kino.    The  wood  is  light  brown, 
I     56  I  4132  I  19J43  |    HW  \  gt^ong,  and  very  durable,  close-grained,  but  not  easily  worked : 

it  is  extensively  used  for  cart  framing  and  house  building,  but 
should  be  protected  from  wet :  it  is  also  well  fitted  for  railway 
sleepers. 

103  Ftebocabpub  Santalxnus.    The  red  amidal  wood  tree  grows  in  the  forests  of  South  India. 

.  ^-<*«  1  *r./x««  1    ATP  I  It*  wood  is  sold  by  weight  as  a  dye  wood,  and  exported  to  Eng- 
I     7Q  I  4582  I  19086  |    975  |  i^nd.    It  is  heavy,  extremely  hard,  with  a  fine  grain,  and  is  suit- 
able for  turnery,  being  of  a  dark  red  colour,  and  taJcing  a  good 
polish. 

A  lofty,  handsome,  shady  tree,  suited  for  avenues  :  from  South 
India,  Assam  and  Burmah.    It  has  a  dark  brown  wood  of  great 
value,  and  as  strong  as  teak  :  but  its  durability  has  not  yet  been 
tested. 
105  ♦PUTBAHJIYA  Rozbubqhil    A  large  shady  timber  tree  with  straighti  erect,  trunk  ;  and 


104  *PTBB08PBBMUU  Acebi- 
FOLIUM. 
{ByttneriaceiB.). 


(^Euphorhiacea, ) 


106     QUEBOUS. 


(O 


» 


INOANA. 
DiLATATA. 

„    Semioabpifolia. 
(JJonflacea,) 


107     Bhus  aoumikata. 


with  wood  white,  close-graind,  very  hard,  durable,  and  suited 
for  turning.  It  erows  along  the  foot  of  the  Himalaya,  and  in 
Oudh,  Assam,  Sylhet  and  South  India. 

Numerous  species  of  Oak  aie  found  in  the  Himalayas,  Svlhet 
and  Malay  Peninsula.  The  three  marginally  noted,  form  largo 
forests  in  the  N.-W.  Himalaya.  Ineana  occurring  from  5000  to 
9000  feet,  and  Semioarpifolia  ascending  to  12000  feet  They 
are  lofty  trees,  80  to  100  feet  in  height,  and  furnish  serviceable 
timber :  in  Dr.  Cleghom's  opinion  some  of  the  best  timber  we  have. 

II  I      ^'^^  I    TTA  I  ^^  wood  is  heavy  and  for  2  years  or  more  after  felling,  will  not 

I  I      (<^)  I    670  I  £qii|;  .  hence  it  has  not  found  its  way  to  the  plains  by  the  rivers, 

as  is  the  case  with  the  pine  woods.     Q,  SemicarpifoHa  in  colour 
.  and  grain  resembles  the  English  oak. 

The  *Kukkur'  of  the  N.-W.  Himalaya,  furnishes  a  wood  much 
valued  by  cabinet  makers  for  ornamental  furniture.  Planks  8  x 
2i  feet  can  be  obtained  from  some  tree& 

This  is  the  true  Sandal  mood^  and  is  found  abundantly  in  My- 
sore.   It  grows  throughout  Southern  India,  Assam,  Cochin  China, 
&c.,  and  is  sold  by  weight  to  be  burned  as  a  perfume.    It  is  also 
58  I  3481  I  19461  |    874  |  valued  for  making  work  boxes,  and  small  articles  of  ornament : 

and  for  wardrobe  boxes,  &c.,  where  its  agreeable  odour  is  a 

preventive  against  insects. 

109  *Sapindus  Ehabgikatus.      The  Soapnut  tree  is  common  to  India  and  Burmah :  a  handsome 

{Sapindacea.)  tree  30  feet  high,  and  4  feet  girUi,  furnishing  a  hard  wood,  which 

I     64  I  3965  I  15495  I    682  I  ^  ^^^  durable  or  easily  worked,  and  is  liable  to  crack  if  exposed  ; 

'  '  '  '  '  but  is  used  by  natives  for  posts  and  door  frames  :  also  for  fuel 

The  tree  is  valued  for  its  nuts  or  berries  used  for  washing. 

A  tree  of  Southern  India,  producing  a  red  strong,  hard  and 
heavy  wood,  used  for  oil  presses,  sugar  crushers  and  axles.  It 
occurs  also  in  the  East  of  the  Punjab.  It  is  a  large  and  common 
tree  in  Burmah,  where  excellent  solid  cart  wheels  are  formed  from 
it. 

The  Thee-ya  is  a  Burmese  species  of  «a/,  producing  a  heavy 
and  compact  wood,  closer  and  darker  coloured  than  ordinary  sal, 


108 


I 


Santalum  Albuu. 
(Santalaeea,) 


110  *SOHLRICHEBA  TRIJUQA. 

(^Sapindacecp.) 


Ill 


Shorea  Obtusa. 
( Dipteracea.) 


I      58  I  3500  I  20254  |   J30  |  jised  for  making  carts,  and  oil  and  rice  mills. 


112      *SH0RBA   H0BU3TA. 


55 

4209 

1824S 

880 

4968 

11521 

769 

The  sal  furnishes  the  best  and  most  extensively  used  timber  in 
Northern  India,  and  is  unquestionably  the  most  useful  known 
Indian  timber  for  Engineering  purposes :  it  is  used  for  roofs  and 
bridges,  ship  building  and  house  building,  sleepers,  &c.    The  tree 
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113  SONKBBATIA  APETALiu 

(^Myrtacea.) 

114  SOTMIDA  FeBBIFUQA. 

{Cedrelacea.) 
I     66  I  3986  i  15070  |  1024  | 


115     Stbbgulia  Fcetida. 
{Sterculiaeea.) 

I     28  I  3349  I  10736  |    464  | 


116  'Stzyqiuh  Jambolakum. 
{J^yrtacea,) 

I     48  I  2746  I    8840  1    600  | 


117  *Tahabiki>us  Indica. 

(^Leguminont,) 

I     79  i  3145  I  20623  |    864  I 
I  I  2808 1  I    816  1 

118  *Tbctona  Gbandis. 

(  Verbenaeea.) 


45 

3978 

15467 

814 

42 

747 

14498 

683 

119  Tebminalia  Abjuha. 

{Comhretacea.) 
I      54  I  4094  I  16288  |    820  | 

120  *TBBHnf AJJA  Belebioa, 


121  *Tebminalia  Chebula. 
I     32  I  3108  I    75631    470  | 


122  Tebminalia  Cobiacea. 
I     60  I  4043  I  22351  |    860  | 


123    Tebminalia  Glabba. 

I      55  I  8905  I  20085  t    840  | 


grows  in  forests  in  the  Terai  extending  along  the  foot  of  the  Hima- 
laya, from  tiic  Brahmapootra  to  the  Jamna,  and  in  Burmah  and 
Tenasserim.  The  timber  is  straighty  strong,  and  dorablo  ;  bat 
leasons  very  dowly,  and  is  for  many  years  liable  to  warp  and 
shrink. 

A  largo  and  elegant  tree  of  the  Ganeetic  Delta,  Bombay  and 
Rangoon  ;  yields  a  strong  hard,  red  wood  of  coarse  grain,  nsed  in 
Calcutta  for  packing  cases  for  beer  and  wine,  and  is  also  adapted 
for  rongh  honse-bnilding  purposes. 

A  large  forest  tree  of  Central  and  Sonthem  India,  fnmishing  a 
bright  red  and  close  grained  wood,  of  great  strength  and  darability, 
preferred  above  all  wood  by  the  Sonthem  India  Hindiis  for  the 
wood-work  of  their  houses.  Though  not  standing  well  exposure 
to  sun  and  weather,  it  never  rots  under-ground  or  in  masonry, 
and  is  very  well  suited  for  palisades  and  railway  sleepers. 

A  large  tree  of  South  India,  Ceylon  and  Burmah.  In  the  lat- 
ter country,  the  trunk  is  50  feet  to  the  first  branch,  ai^d  girth  10 
feet,  at  6  feet  hx)m  ground  :  but  the  timber  is  not. nsed  there.  In 
Ceylon  it  is  used  for  house  building,  and  in  Mysore  for  a  variety 
of  purposes,  taking  the  place  of  the  true  poan.  The  wood  is  light, 
tough,  open  grained,  easily  worked,  not  splitting,  nor  warping : 
in  colour  yellowish  white. 

The  Jamoon  is  widely  diffused  through  India,  and  is  valued 
as  an  avenue  tree  from  its  height,  handsome  foliage  and  edible 
plum-like  fruit  The  brown  w<x>d  is  not  very  strong  or  durable, 
but  is  used  for  door  and  window  frames  of  native  houses ;  though 
more  generally  as  fuel.  It  is  however  suitable  for  well  and  canal 
works,  being  almost  indestructible  under  water. 

The  Tamarind  is  a  very  handsome  tree  for  avenues,  gardens, 
&c.,  of  verv  slow  growth,  but  attaining  a  great  size ;  and  much 
valued  for  its  fruit  The  heart  wood  is  very  hard,  close  grained, 
dark  red,  very  hard  to  be  worked ;  used  for  turnery,  alao  for  oil 
presses  and  sugar  crushers,  mallets,  and  plane  handles ;  it  is  a  very 
good  brick  burning  f  ueL 

*The  Tiak  furnishes  the  most  useful  and  durable  timber  known. 
It  grows  in  Southern  India,  Burmah,  Java,  Sumatra,  &c  The 
wood  is  brown,  and  when  fresh  cut  is  fragrant :  very  hard  vet  light, 
easily  worked,  and  though  porous,  strong  and  durable :  soon 
seasoned,  and  shrinks  litUe  ;  nsed  for  every  description  of  house 
building,  bridges,  gun  carriages,  ship  building,  && 

A  tree  widdy  d&nsed,  often  found  in  company  with  teak,  and 
growing  to  a  very  large  size.  It  furnishes  a  dark  brown,  heavy, 
very  strong  wood,  suitable  for  masts  and  spars,  beams  and  rafters. 

A  very  large  forest  tree  with  a  straight  trunk,  and  spreading 
head,  and  flowers  with  an  offensive  smell.  It  is  a  very  fine  looking 
tree  for  avenues,  but  the  wood  is  white  and  soft  and  not  used  in 
carpentry. 

A  beautiful  and  lofty  tree  with  horizontal  branches,  growing 
in  tiers :  planted  in  gardens  and  avenues.  The  wood  is  nsed  in 
S.  India  for  common  house  building,  but  it  is  light  and  coarse- 
grained, possessing  little  strength,  and  liable  to  warp.  In  Burmah 
it  is  used  for  yokes  and  canoes.  The  fruit  and  galls  are  used  by 
dyers. 

A  large  tree,common  in  the  forests  of  Central  and  Sonthem  India, 
of  which  Uie  heart  wood  is  one  of  the  most  durable  woods  known  : 
reddish  brown,  heavy,  tough  and  durable,  very  fibrous  and  elastic, 
close  and  even-grained  :  used  Tor  beams  and  posts,  wheel  and 
cart  building  generallv  :  and  telegraph  posts.  It  is  durable  under 
water  and  is  not  touched  by  white  ants. 

This  valuable  timber  tree,  is  found  in  all  the  Teak  forests  of 
India  and  Burmah,  furnishing  a  very  hard,  durable,  strong,  close 
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and  even  grained  wood,  of  a  dark  brown  colonr,  obtainable  in  lar^ 
scantling,  and  available  for  all  pnrpocfes  of  hooae  boilding,  cart 
f  ramii;g  and  f  nmitnre. 
124*TSBMINALIA  ToMENTOSA.    A  valuable  forest  tree  of  Malabar,  Nagpore,  Kajmahal,  Ondh, 

&C. :  which  sapplies  a  heavy,  strong,  dorable  and  elastic  wood.  It 
is,  however,  a  difficult  timber  to  work  up,  and  splits  freely  in  ex- 
posed sitnations.  A  good  wood  for  joists,  beams,  tie-rods,  &&, 
and  for  railway  pnrposes,  and  is  often  sold  in  the  market  under 
tiie  name  of  sdi,  but  it  is  not  e(|ual  to  that  wood. 

125  Thbspesia  Populnba.       The  Portia  tree  of  Madras  is  much  used  for  avenues  from  its 

{Maivacea.)  handsome  appearance.    It  grows  most  rapidly  from  cuttiDgs,  but 

I     jQ  I  qoQi  1  I  fit  iQ  I    7 1  e  I  the  trees  so  raised  are  hollow-centred ;  and  only  useful  for  firewood. 
I     %v  I  64y^  ,  ioi4d  I    /  lb  I  gegdline  trees  furnish  a  palo  red,  strong,  straight,  and  even-grain- 

ed  wood,  easily  worked  :  used  for  gun*stocks  and  furniture. 

126  *Tbewia  Nudifloba.         This  is  a  large  tree,  from  40  to  60  feet  in  height,  furnishing  a 

iEuphorhiacea.)  white,  soft,  but  close-grained  wood. 

127  Ul^tJS  Intbobifolia.        This  large  Elm  is  found  in  various  parts  of  India,  from  the  foot 

(  Ulmacea.')  of  the  Himalaya  to  Ceylon.    It  furnishes  a  strcxig  wood  employ- 

ed for  carts,  door  frames,  &c.  There  are  other  species  of  Kim, 
Ulmui  Campestris,  Erosa,  &c.,  growing  in  the  N.-W.  Himalaya  ; 
lofty  handsome  trees,  often  planted  as  sacred  trees  by  temples. 

128  ZiZYPnus  JuJUBA.  The  Ji^uhe  or  Ber  is  a  small  thorny  tree  found  growing  all 

{Rhamnacea.)  over  India  and  Burmah,  and  is  cultivated  on  account  of  its  fruit 

I      RQ  I  QKQi  I  1Q191  I    C70  I  ^®  >^  ^^^  browu  wood  is  hard,  durable,  close  and  even-grained, 
I     B»  I  dd04  I  15441  I    bu  I  ^^  ^^jj  i^dapted  for  cabinet  and  ornamental  work.    The  leaves 

are  exteoslYely  used  to  feed  cattle  in  the  Punjab. 
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VERNACULAR  INDEX  TO  INDIAN  TREES. 


List  of  Local  Synonyms  of  the  Trees  enumerated  in  the  Precedmg  List. 

be.  BeagaiH.      ba.  Bmrmue.      o.  Ccmatut*      e.  AvlM«       g.  Omrhmal,      h.  Bindtutani       k.  Kunatmree, 


0.  Cameime,      o,  BttgHth*      g.  OmrhMtai, 
te.  Ttloogoo,         U.  Tamih 


Abjn,  h», 
Abnoofly  h., 
Aeen, 
Aplay,  ta,, 
Aug,  l^u,, 
Akrot,  A.  i.y 
Am,  A.,.. 
Amlaki,  A., 
Amnltas,  K, 
Anjili,  to,, 
Aonla,  A., 
Aijun,  A.^ 
Aaan,  h,, 
AKfULfta,, 
Atti,  ta,f 
Ancha,  ta»f 


•  • 


•  • 


•  • 


•  • 


•• 


•  • 


•  • 


20 
67 
122 
45 
61 
79 
81 
68 
42 
14 
68 
119 
124 
78 
68 
74 


•  • 


•  • 


2 
128 
120 
50 
50 
86 
40 
.  19 
106(a) 
19 
7 
102 
87 


Baboo],  h., 
Baer,  A., 
Bab6era,  h.f 
Baibya,  hu., 
Baklee,  h., 
Bakula,  5e., 
Bamboi,  ftu., 
Bamboo,  e., 
Ban,  k,f  •  • 
Bans,  A.y 
Baaghi,  e., 
Bejasal,  K, 
Bet,  a.,a»  •• 
Bhojpntra,*.,..  27 
BiUq  kmrra^  te,,  46 
Bitti,  c,  • .      62 

Bjoobeeb,  lu.,,»  66 
Blackwood,  e.,.  •  62 
Bokain^  A.,  • .  88 
Boomaua,  Am.,..  12 
Box,  A,  ••34 

Bnkkom,  A.,  be.,  86 
Bnr,A.,^^  ..  69 
Bnrgut,  A.,  •  •  69 
Barbal,  A.,       .  •      16 

c. 

Calamander,  f.,  58 
Cane,  e.,         • .      87 


Caontchonc  tree, «.,  67 
Casnarina, «.,  •  •  41 
Catechn,  e.. 
Cedar,  a,  •  • 
Chandana,  5e.,.« 
Cbandana,m,  ta,f 
Cheel,  A.,  •  • 
Cheer,  A.-,  .  • 
Chickrassi,  Ac, 
Chittagong,«.,.. 
Chnlta,  be., 
Chnmpa,  A., 
Chnmpaka,  be,p 
Chmnpakamu,  Itf.,  84 
Cocoannt  palm,  A,  47 
Coral  tree,  >.,  ••  64 
Corammidaliim,  to,,  68 
Corktree,  0.,  •«  86 
Cotton  tree,  0.,..  80 
Caddapah,  to.,.. 


•• 


•  a 


8 
44 

108 
108 
97 
97 
46 
46 
66 
84 
84 


D. 

Date  palm,  0.,  • . 
Deodar,  A., 

Dh&k,A., 
Dhandn,  A., 
Dhamnoo,  A., 
Dhao,  A.,^ 
Dhoon  Sirris,  e., 
Dhonra,  A.,     •  • 


•  • 


•  • 


21 


94 
51 
44 

88 
72 

72 
60 

4 
46 


B. 


•  • 


£bony,  0., 
Eedjm,  A., 
BengjeeD,Aii.,.. 
Eeti^  U,t         •  t 
Ebn,  tf.,  •  • 

Brool,..  •• 

Empatto,  to.,  •• 
EniTalo,  ^o.,  .. 
Eyne,  A.,         .  • 

p. 

Farmd,  A., 

a. 

Gandaga,  c,    . . 


.57,69 
20 

112 
94 

127 
78 


62 

78 

124 


64 


108 


Gomar,  he.,     •  • 
Googilam,  f0.,  •• 
GKxuer,  A., 
Gnooehwoay,  Aw., 
Gaaya,e.,        •• 
Gnmber,  A0.,   •  • 
Gorrapa  badam^e.,  116 
Gwai  donk.  An.,       48 
Gyo,  hk, 


71 
112 

68 

42 
100 

71 


•• 


110 


H. 


Hanee,  0., 
Honaj,  e,f 
Hone  radish  tree 
Htan,  hk, 
Htein,  Am., 
Holda,  A., 
Hnldoo,  A., 
Hma,  Ak, 
Hnrda, .  • 
Hurdoo,  A., 
Hyeebeen,  A«., 

Z. 


101 
102 

81 

93 
121 

92 
121 
121 

92 
128 


Imlee,  A.,  ••  117 
Indian  robber  tree  e.,67 
Ippie,  te,,  •  •  22 
Iron  wood, «.,     77, 78 


J. 

Jack,0., 
Jambai,  c, 
Jamboo,  A., 
JamooD,  A., 
JanU,  A., 
Jeapota,  A., 
Jhmid,  A., 


•  • 


•  • 


•  • 


• .' 


•  • 


16 

78 

78 
116 

80 
106 

99 


Jongii  badam,  Ae.,  115 


Kada  lipaa,  to., 
Kadam,  A^,      •  • 
Kadhalsna,  c, . . 
Kadon  kadet,  Am.. 
Kada  kai,  fcf.,^. 
xkail,  v.,  •  • 

Kaim,  A., 


•  • 


80 
91 
14 
48 
121 
96 
93 


•  • 


•  • 


•  • 


66 
42 
116 
2 
40 
56 
75 
15 


Kaith,  A^,        •• 

Kaki,  0., 

Eala  jam,  be,,  • 

Kali  keekmr.  A., 

Kamba,  A., 

Kanagaln,  0., 

Kanaso,  Am., 

Eantnl,  be., 

Kanyeen,  Am.,     61,62 

~  121 

98 

67 

7 

44 

44 

80 

2,5 

8 

94 

87 

40 

113 

87 

no 

13 


•  • 


•  • 


•  • 

•  • 

•  • 


te,f 
Karanj,  A., 
Kasneer,  A., 
Eatarag^,  to.,  •  • 
EehnnDg,  A., 
Kela,  A., 
Kerwal,  A., 
Keeker.  A., 
Khair,  A., 
Khiyoor,  A., 
Kheerne,  A., 
Khoomb,  A., 
Khoara,  be,, 
Kimi,  A., 
Kobin,  Atk, 
Kokoh,  Av., 
KoDda  tangeda,  te.,  78 
Koramanu,  to,.  •  32 
Eoon,A0.,  ••  110 
Koonkoodoo,  te,,  109 
Kooyai,  0,, 
Koosoom,  h,, 
Kachnar,  A., 
Kudmnb,  A., 
Kakkar,  A.,  •  • 
Knmbala,  Am.,  •  • 
Kombhi,  te,,  •  • 
Knmhar,  A.,  •  • 
Kmroo  mmreloo  Am.,128 
Karroo  pallay,  te,,  105 
Karroo  rallam,  tow,  2 


•  • 


•  • 


•  • 


88 

110 

24 

91 

107 

113 

40 

71 


Karaoo,  A., 
Koronj,  A., 
Kaasomb,  A., 
Kathbel,  h,, 
Kathhol,  A., 
Kyaltha,  Am., 
Kywon,  Ar, 

L. 

Lakoocha,  A., 


106(e) 
98 

110 
66 
15 
20 

118 


•  • 


•  • 


•  • 


•  • 


16 
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Laka  chamna,  ^0.»    16 
Leaar^ff.,        ••      51 


M. 

Haah,  Co.,       ..  81 

Mahwah,^.,    ••  22 

Maljan,  A.,      ••  25 

Biamari,  t«.,    ••  81 

Man^y «.,       ..  81 
Mania  kadamba  to,,  92 

Masnoay,  bu.,  •  •  29 

Mavena,  c,     •  •  81 

Maydi, !«.,       •  •  66 

Mohe  ka  jhar,  A.,  23 
Mohrn,  h.,        106(}> 

Morinda,  g,f    •  •  95 

Moolsoree,      •  •  86 

Mnlbeny,  0.,   ••  90 

ICalflariy  h.^     • .  86 

Mnlayengay,  ta.,  82 

Mnxigal,  to.,  ••  19 

Matteo,0.,      ••  122 


Nagee,  hu.,     ••  104 

Narely  A.,        •  •  47 

Narikeli  60.,    ••  47 

Naiyeppa,  te.^  •  •  74 

Nawel,  fa.,       ••  116 

Neem,  A.,         •  #  18 

NeUikai,  to.,   ..  63 

Nnlla  tooma,  te.y  2 


O. 


Oak,  A, 


Fadonk,  bu., 
Fadrie,  to., 
Faira,  fttf.. 
Faille,  to., 
Fala,  to., 
Falava,  to., 
Falmjra,  0., 
Fanasa,  ^e., 
Paneafa,  bu,, 
Fapnri,  A., 


106 


101 
28 

10() 
40 
87 
88 
81 
15 

120 
98 


Pams,  A.,        • .  125 

Panis  peepnl,  A.,  125 

Pashi,  te,f        . .  49 

Pannjireh,  A.,  ••  64 

Pawoon,  hu.f    •  •  85 

Pedda  kalinga,  56 

Pedda  mann,  te.,  10 

Peoma,  bu.,     •  •  80 

Peepnl,  h.,      •  •  70 

Peenaree,  f a.,  .  •  115 

Peengadoo,  iu,,  78 

Pern  maram,  ta,,  10 

Pethan,  hu,,     •  •  29 

Phnlahi*  A.,     .  •  6 

Phnldoo,  A.,    •  •  93 

Pilla,  to.,         ••  15 

Pindrow,  A.,    .  •  95 
Pinnaj,  to.,  38,  39,  55 

Pogada,  te,,     •  •  86 

Pooli,  to.,        ..  117 
Poon,  e.,     38,  55, 115 

„     (red)  e.,  •  •  39 
Ponna,  to.,      ••38,39 

Poraaa,  to.,     •  •  83 

Poresh,  be,,     •  •  125 

Portia, «.,        ••  125 

Ponk,  &tt.,       ••  33 

Pnlasamn,  te,,  •  •  83 

Pnlaas,  A.,       •  •  33 

Pnndaloo,  A.,  •  •  126 

Pnngra,A.,      ••  64 

Pnttnnga,  to.,  ••  36 

Fnvandi,  to.,   •  •  109 

Pnvnmaram,  to.,  110 

Pyen  kado,  bu.,  78 

Pyen  mah,  bu.,  80 

R. 

Rai,  A.,  •  •        •  •  1 

Ranjana,  A.,     •  •  9 

Red  sandal,  e.,, .  103 

Reeta  ka  jhar.  A.,  109 

Rohnn,  be,,      •  •  114 

Roohoona,  A.,  •  •  114 
Rnkfco  chandan,A.,  be., 
[9, 103 

s. 

Sadachoo,  to., .  •  72 

Sagoon,     ••  118 

Sain,  A.,    • .  124 


8&i,      ••         ..  118 

S41,  A. *  112 

Sampangi,  0.,  ••  84 

Sandal, «.,       ..  108 

Sandan,  A,      ••  53 

Sankhoo,  A.,    ••  112 

Sappan,  e,,  ..  86 
Sarala  devadara,  to.,  26 

Satin  wood,  e.,  46 

Sissii,  A.,          ••  54 

Beet,  be.,         ..  4 

„    bu.,         •.  11,8 

Seevnm,  A.,     •  •  71 

Semnl,  h,,        .  •  80 

Sha,  At«.,          •  •  8 

Shami,  be.,      •  •  99 

Sisham,  A.,      « •  54 

Shemmaram,  to.,  114 

Shamshad,  A., . .  84 

Shwet  sal,  be.,,.  52 

Siah  Toot,  A.,  . .  90 

Sirris,  e.,  A.,     . .  7 

Sissii,  e..  A.,  to.,  64 

Soap  nnt  tree,  e.,  109 

Soimida,to.,    ••  114 

Sohnjna,  A.,    ••  89 

Soondree,  be,,  •  •  75 

Suffriam,A.,  ••  100 

Snlla,  g.,         •  •  97 

Snndal,  A.,  ..  108 
Snrra,  konnay,  to.,  42 

T. 

Tai  maram,  to.,  57 

Tamarind,  e.,  ..  117 

Ta-nyen,  Ai».,  ••  77 

Teak,e„         ••  118 

Teingyet,5tf., ..  30 

Teka,to.,        ••  118 

Telia  tnma,  to.,  5 
Tendoo,  A.,      ..60,59 

Tenkaia,  fe,    ..  47 

Thabyoo,  5«.,  ••  56 
Tharra,to.,      ••72(5) 

Thayat,  &«.,     ••  81 

Thee-va.,  5k.,  ••  111 
Themba  kamaka  5tf.,  1 8 
Therapee,  bu.,    38, 39 

Theyns,           ..  53 

Thingan,  5tt.,  ..  76 

Thitkado,5u.,*.  43 


Thit8i,5i*.,      •.  82 

Thonnben,  bu.,  14 

Thoura,  A.,      •  •  50 
Thrinamaram,  to.,  26 

Tileagnijnn,  be,,  62 

Toon,  0.,  A.,  to.,  43 

Toona.  A.  A.,    . .  48 

Toot,  A.,         ••  90 

Tos,  A.,..         ••  95 
Tonkyan,  Atf.,  ••     119 

Tonnbein,  Ah.,..  17 

Trincomallee,  be,,  26 

Tnki,  te„         • .  57 

Tnmal,  A.,       .  •  60 

Tnmbali,  to.,   •  •  59 

Tnmida,  te.,    •  •  69 

Tnrka  ye  pa,  to.,  83 


u. 


Uya,  to.. 


•• 


56 


V. 


Va^hi,  0.,        ..  7 

Yainga,  to.,     •  •  102 

Vapum,  to.,     ..  18 

Varnish  tree,  e.,  82 

Vellaga,to.,    ••  66 
Vella  kadnmbn,  to.,  91 

Vellam,  to.,     . .  66 

Vellay  naga,  to.,  60 

Valuelam,  to,, .  •  6 

Vepa,to.,       '..  18 

Vnmmai,  to,,  .  •  46 

Vmnmanun,  to.,  46 

Walnnt,  e.,      •  •  79 

Wodale,  to.,     .  •  3 

Wood  apple,  e.,  66 
Wood  oil  tree,  e.,  61 ,  62 

Y. 

Yeen^a, }».,    ..  55 

Tendike,  hi.,  • .  52 

Tetaga,  e.,       . .  93 

Timma,  bu.,    • .  45 

Yoong,  bu.,     •  •  49 

Ywaigyee,  bu.,  9 

Zinbnin,  Atf.,  ••  56 


CHAPTER    VI. 
METALS. 

158.  The  metals  used  in  building  are  : — Iron,  lead,  copper  and  zinc, 
and  some  of  their  alloys.  The  purposes  for  which  they  are  employed  are 
for  the  making  of  nails,  screws,  bolts,  straps,  ties,  beams,  girders,  pil- 
lars, pipes,  gutters,  and  the  covering  of  roofs.  The  metals  jnst  enume- 
rated are  not  found  to  any  great  extent  in  a  ptire  metallic  condition, 
but  are  met  with  in  combination  with  oxygen,  forming  oxides ;  sulphur, 
as  sulphides ;  and  with  carbonic  acid,  as  carbonates.  The  term  ore  is 
given  to  these  natural  compounds  of  the  metals.  Geologically  speaking, 
these  ores  are  generally  found  amongst  the  older  rocks,  the  mica  schists 
and  clay  slates,  or  even  in  the  granite.  Iron  is  the  largest  exception 
to  this,  as  it  is  obtained  also  from  the  carboniferous  formation,  and 
sometimes  in  large  quantities  from  still  more  recent  strata. 

The  metallic  ores  occur,  in  these  natural  beds  or  strata  in  detached 
masses,  technically  called  lodes  or  veins.  These  appear  to  have  been 
forced  into  the  beds  when  they  wore  in  a  fluid  state  and  under  powerful 
pressure,  and  subsequent  to  the  formation  of  the  beds  themselves.  To 
reach  these  veins  of  ore,  great  expense  is  incurred  in  the  sinking  of 
mineSf  along  with  their  attending  pcasagea,  levels^  adits,  <&c.  The  result 
of  the  mining  operation  is  to  bring  to  the  surface  the  ore  more  or  less 
mixed  with  earthy  matter.  To  separate  this  earthy  maiter,^  the  ore  is 
dressed.  This  process  consists  in  flrst  picking  out  by  the  hand  all  the 
pure  ore ;  what  is  rejected  in  the  course  of  the  picking  is  then  subjected 
to  stamping  or  crushing  in  mills ;  after  which  it  is  washed  in  a  stream 
of  water,  the  object  of  which  is  to  separate  the  earthy  matter,  which 
being  very  much  lighter  than  the  ore  is  carried  away  by  the  stream, 
while  the  ore  itself  being  much  heavier,  is  hardly  moved  out  of  its  place. 

It  should  be  noticed  however  that  iron  ores,  inasmuch  as  they  occur 
in  beds  or  strata  by  themselves,  can  usually  be  separated  sufficiently 
pure  by  the  miner,  and  therefore  but  seldom  need  the  subsequent  oper- 
ation of  dressing. 
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To  obtain  the  metal  from  the  ore,  it  must  undergo  both  the  processes 
of  roasting  and  smelting.  The  first  of  these  operations  has  for  its  object 
the  roasting  or  bnming  out  of  the  sulphur  or  carbonic  acid  or  water, 
which  are  combined  with  the  metal  in  the  ore,  and  the  operation  also 
renders  the  mass  more  porous,  and  therefore  more  fitted  for  the  successful 
carrying  on  of  the  next  process  of  smelting.  In  this  last  named  process, 
the  ore  is  mixed  with  an  appropriate  flux  or  reducing  agent,  the  consti- 
tuents of  which  haying  a  great  tendency  to  combine  with  the  oxygen  or 
silica  of  the  ore,  form  compounds  with  these,  while  the  metal  is  at  the 
same  time  set  free.  The  operation  being  carried  on  under  an  intense 
heat,  the  fusion  of  the  metal  takes  place,  and  that  along  with  the  great 
weight  of  the  metal  itself,  generally  secures  its  thorough  separation  from 
the  other  foreign  substances  combined  with  it  in  the  ore. 

The  metal  is  now  subjected  to  r^ning,  which  in  the  main  consists  in 
a  modified  repetition  of  the' smelting  process,  combined  with  certain 
mechanical  operations. 

154.  Iroild — Has  the  most  extensiye  application  of  all  the  metals. 
The  chemical  forms  of  its  ores  are  either  an  oxide,  or  carbonate.  Most 
of  the  British  ores  contain  from  25  up  to  60  per  cent,  of  the  metal ;  if 
they  contained  much  less  than  25  per  cent.,  their  working  would  not  be 
profitable. 

155.  Cast  Iron. — In  England  the  ores  are  generally  interstratified 
with  the  coal  necessary  for  their  reduction,  and  in  dose  proximity  to  the 
mountain  limestone  used  as  a  flux  :  but  in  countries  where  the  fuel  and 
limestone  are  not  in  the  yicinity  of  the  iron  ore,  the  manufacture  of  the 
iron  cannot  be  carried  on  in  a  profitable  manner.  To  obtain  the  metal 
from  its  ores,  these-  are  subjected  to  the  two  processes  of  roasting  and 
smelting  already  generally  described.  The  smelting  of  an  iron  ore  is  con- 
ducted in  a  large  upright  furnace,  fitted  to  give  a  very  high  temperature, 
and  to  permit  of  the  furnace  being  worked  continuously.  The  materials 
employed  are  the  ore,  fuel,  and  flux,  along  with  a  full  supply  of  air. 
Charcoal  is  the  best  fuel,  and  then  coke :  and  these  can  be  used  with  a 
cold  blast  of  air  in  the  smelting  furnace.  The  choice  of  flux  depends  on 
the  nature  of  the  ore.  For  argillaceous  ores,  lime  is  required,  but  for 
calcareous  ores  clay  is  added.  When  coal  is  the  fuel  employed,  the  air 
is  forced  into  the  furnace  in  a  heated  state,  constituting  the  Jiot  blast. 

Smelting, — The  changes  which  ensue  in  the  furnace  are  shortly  these : — 
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The  oxygen  of  the  hot  blast  meeting  the  fuel^  combines  with  its  carbon, 
giving  oat  an  intense  heat.  The  carbonic  acid  which  results,  coming  in 
contact  with  the  heated  combustible  matter  above,  is  converted  into  car- 
bonic oxide ;  where  this  takes  place,  the  furnace  is  comparatively  cool. 
The  escape  of  a  large  quantity  of  this  gas  along  with  some  hydrogen,  and 
carbonated  hydrogen,  also  obtained  by  the  action  of  the  heat  on  the  fuel, 
constitutes  a  serious  waste  in  the  process.  The  iron  when  set  free  from 
the  other  matters  of  the  ore,  combines  with  about  four  or  five  per  cent, 
of  carbon,  thus  forming  the  fusible  compound  known  as  Coat-Iron.  This 
mixture  with  carbon  must  take  place,  for,  if  it  remained  pure,  the  iron 
would  not  fuse,  and  thus  would  not  separate  from  the  slag  <p  fused  mixture 
of  the  lime  used  in  the  process  along  with  the  silica  and  clay  of  the  ore. 

Pig-Iron. — When  a  sufficiency  of  cast-iron  has  accumulated  in  the  fur- 
nace, it  is  tapped ;  the  molten  metal  runs  out,  and  is  received  in  long 
straight  gutters  made  in  sand  which  have  numerous  side^branches.  This 
arrangement  is  called  the  sow  and  her  pigs^  and  hence  the  name  the  iron 
now  receives  of  pig-iron.  The  iron  is  now  in  a  condition  quite  suitable 
for  all  the  purposes  of  casting  in  either  light  or  heavy  work. 

166.  Quality. — The  best  indications  of  the  quality  of  east-iron  are  the 
colour  and  texture  of  a  recent  fracture.  A  high  temperature  and  a  laige 
quantity  of  fuel  produce  gray  cast-irony  of  different  shades  of  bluish-gray 
in  colour,  granular  in  texture,  softer  and  more  easily  fasible  than  white 
cast-iron :  it  produces  therefore  the  finest  and  most  accurate  castings,  but 
is  comparatively  deficient  in  hardness  and  strength  :  for  large  structures 
bearing  loads  in  motion,  it  is  however  safer  to  use  the  gray  than  the 
more  brittle  white  oast-iron.  A  low  temperature  and  deficiency  of  fuel 
produce  white  cast-ivon :  which  is  silvery  white,  either  granular  or  crys" 
taUine,  excessively  hard  but  brittle,  and  comparatively  difficult  to  melt : 
the  extreme  brittleness  of  the  crystalline  white  cast-iron  renders  it  unfit 
for  use  in  Engineering  structures :  this  variety  therefore  is  generally 
used  for  conversion  into  wrought-iron.  The  quality  of  a  sample  may  be 
tested  by  striking  a  smart  blow  with  a  sledge  hammer  on  its  edge  :  if  it 
breaks,  it  indicates  brittleness ;  if  it  produces  a  slight  indentation  with- 
out fracture,  it  shows  that  the  iron  is  slightly  malleable,  and  therefore 
of  good  quality.  If  the  fractured  surface  is  mottled,  either  with  patches 
of  darker  or  lighter  iron,  or  with  crystalline  patches,  the  casting  will  be 
unsafe ;  and  it  will  be  still  more  unsafe  if  it  contains  air  bubbles. 
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Casting.— The  great  advantage  of  cast-iron  is  the  facility  with  which  it 
can  be  nm  into  any  form.  For  this  purpose,  it  is  re-melted  with  charcoal 
or  coke,  under  a  blast,  in  a  cupola  furnace  (see  FtoOe  XX.),  and  run  into 
moulds  or  sand  or  loam.  It  should  always  be  allowed  to  cool  imdisturbed, 
for  if  exposed,  rapid  irregular  cooling  injures  the  quality  of  the  iron  and 
the  homogeneousness  of  the  casting.  Cast-iron  contracts  about  one  per 
cent,  in  cooling.  Its  strength  Taries  as  its  density,  which  depends  on  the 
temperature  of  the  metal  when  drawn  from  the  furnace,  the  rate  and  uni- 
formity of  cooling,  the  head  of  metal  under  which  the  casting  is  made, 
and  its  bulk.  Large  castings  are  proportionately  weaker  than  small  ones. 
They  are  more  likely  to  be  honeycombed*  in  the  interior,  and  should  not 
be  depended  upon  to  the  same  extent  as  small  castings.  The  strength  of 
cast-iron  to  resist  both  cross  strains  and  crushing  is  increased  by  repeated 
meltings  (up  to  the  twelfth).  For  large  castings  a  mixture  should  be 
made  of  certain  proportions  of  different  qualities  of  iron.  Temperature 
affects  cast-iron  very  much,  great  cold  making  it  very  brittle. 

167.  Memo,  on  the  cost  of  making  castings  at  the  Canal  Foundry, 
Boorkee.  The  character  of  the  castings  made  at  Roorkee  is  very  vari- 
ous ;  the  weight  being  from  ^  chittack  to  50  maunds,  and  the  moulding 
is  in  green  sand,  dry  sand  and  loam ;  the  average  prime  cost  during  one 
year  was  as  follows  :— 


■ 

Labour 

Materials.                 Total 

Enfdne  and  fan,                     ••• 
Boiler  for  do.,                         ••• 
Monldiog,                               •!• 
Meltinff,                                 ••• 
Core  making,                         ... 
Dressing  castings,                   ... 
Repairs  to  Cnpola,                  ... 
Repairs  to  Fonndiy  tools,      ••• 
Repairs  to  patterns,                ... 

Total, 

B. 

0 
0 
0 
0 
0 
0 
0 
0 
0 

A. 

0 
0 
9 
0 

1 
1 
0 
0 
0 

P. 

1-6 
2*4 
1 
11-6 
16 
7 

2-7 
3 
2-2 

B. 

0 
0 
0 
5 
0 
0 
0 
0 
0 

As 

0 
1 
1 
3 
0 
0 
0 
1 
0 

P. 

2-6 

8-4 

9» 

8-3 

1-6 

0-6 

5-3 

3 

0-6 

"si 

B. 

0 
0 
0 
5 
0 
0 
0 
0 
0 

A. 

0 

1 

10 

4 
1 
1 
0 
1 
0 

7 

P. 

4-2 
10-8 
10 

7-3 

3 

7-6 

8 

6 

27 

00 

'o 

18 

89 

5 

9 

6 

The  fuel  used  is  charcoal,  and  the  charge  is  4  maunds  of  charcoal  to  8 
maunds  of  iron ;  the  iron  charged  is  compt)sed  of  No.  1  Qaitsberrie  pig, 
broken  railway  chairs,  ordnance.  Kentledge  and  scrap,  in  different  pro- 
portions to  suit  the  nature  of  the  work. 

•  Small  defaeta  in  the  surf loe  of  oastlngi  may  be  filled  np  with  tha  following  alloy,  WUoli  es« 
'{Nfflds  la  oooUng  i— 9  parts  lasd,  2  of  antimony,  and  1  of  bismath. 
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1 58.  Wrovgrt-Ibov.^-To  conyert  cast  into  wrought  or  malkdble  iron 
it  is  necessary  to  remoye  the  carbon,  and  if  possible  tbe  snlphnr  and 
phosphoms  with  which  to  a  greater  or  smaller  extent  nearly  all  brands 
of  cast-iron  are-  contaminated.  Oxygen  is  the  agent  used  for  remoying 
the  carbon ;  but  to  eliminate  the  sulphur  and  phosphorus,  silicon,  &c., 
chemical  substances  (usually  including  chlorine,  bromine,  or  iodine  >  are 
introduced  in  the  furnace,  and  are  known  to  the  puddlers  as  "  physic." 
The  process  hitherto  most  ordinarily  adopted  is  the  following  :— 

It  is  commenced  by  re-melting  twenty-fiye  or  thirty  hundred  weight 
of  pig-iron  at  a  time  in  a  kind  of  forge,  called  k  finery ,  where  the  iron 
is  partially  carbonized  by  the  action  of  a  blast  of  air  forced  oyer  its  surface 
by  a  blowing  engine.  The  carbon  haying  a  greater  affinity  for  the  oxygen 
than  for  the  iron,  combines  with  it  and  passes  off  as  carbonic  acid.  Bilica 
also  separates  as  a  slag  in  combination  with  more  iron.  After  this,  the 
refined  pig-iron  is  subjected  to  a  second  fusion  in  the  puddUng  or  rever* 
herating  furnace,  where  the  burning  fuel  is  separated  by  a  partition  from 
the  hearth  (ih  which  the  metal  is  placed  and  melted)  the  flcaiM  only  is 
conducted  oyer  the  surface  of  the  metal,  while  the  puddler  by  means  of 
a  rake  or  rabble  agitates  the  metal  so  as  to  expose  the  whole  of  the 
charge  to  the  action  of  the  oxygen  passing  oyer  it  from  the  fire ;  at  in- 
teryals  throwing  in  oxide  of  iron,  salt,  or  other  "physic"  to  form  a  fluid 
slag  of  the  impurities.  The  oxygen  of  the  oxide  bums  off  the  remainder 
of  the  carbon,  and  the  silicon  gets  oxidised,  also  combining  with  another 
portion  of  the  metallic  oxide  to  form  another  slag ;  to  separate  which, 
the  iron  ("  hup  "  or  "  bloom  "  as  it  is  sometimes  called)  in  the  form  of 
balls,  is  taken  ovt  and  beaten  under  a  heayy  hammer,  to  be  ''  sUngUd^^* 
that  is  to  haye  the  cinder  forced  out,  and  the  particles  of  iron  welded 
together  by  blows  or  pressure  :  and  this  is  repeated  seyeral  times  until 
the  iron  is  quite  pure.  During  the  processes  of  refining  and  puddling, 
the  cast-iron  loses  twenty  to  forty  per  cent,  of  its  weight. 

The  bloom  after  shingling  is  passed  between  rollers  and  rolled  into  a 
bar ;  the  bar  is  cut  into  short  lengths,  which  are  faggoted  together,  re- 
heated and  rolled  again  into  one  bar ;  and  this  process  is  repeated  till  the 
iron  has  become  sufficiently  compact  and  has  acquired  a  fibrous  structure. 

Although  this  process  of  first  making  Cast-iron,  and  then  unmaking 
it,  is  the  most  economical  and  generally  applicable,  Wrought-£*on  may 
be  made  at  once  from  the  ore  by  combining  the  processes  of  smelting  and 
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paddling;  and  iron  is  so  made  in  Americai  in  Franesi  and  in  tliis 
oonntry :  it  is  always  a  wasteful  process,  howeyer,  as  there  is  mnch  fdel 
as  well  as  iron,  lost. 

169.  From  the  ordinary  process  aboye  described  the  fining  is  some- 
times omitted,  and  the  iron  is  purified  with  greater  rapidity  and  economy 
by  the  boiling  process,  which  consists  of  the  introduction  of  a  small 
quantity  of  steam  (at  about  5  0)s.  pressure  per  square  inch)  into  the 
molten  metal  as  soon  as  it  is  fazed  in  the  puddling  furnace.  The  oxygen 
of  the  steam  carries  off  the  carbon,  while  the  hydrogen  unites  with  the 
sulphur,  phosphorus,  arsenic,  &c.,  and  moreover  the  steam,  introduced 
through  pipes  to  the  bottom  of  the  furnace,  agitates  the  iron,  antl  causes 
exposure  of  fresh  surfaces  to  the  oxygen  passing  through  the  furnace. 
After  5  or  8  minutes  boiling,  the  operation  of  puddling  is  completed  in 
the  ordinary  way  with  the  rabble. 

Bessemer  Proc«9«.— Another  process,  now  a  good  deal  in  use  in  Great 
Britain,  for  the  conversion  of  cast  into  wrought-iron,  is  Bessemer* s  process. 
This  method  consists  in  injecting  into  the  cast-iron,  while  still  in  a  molten 
condition,  a  blast  of  air  in  a  separate  cupola,  the  object  being  to  bum 
out  the  carbon  and  silicon  from  the  iron ;  the  admission  of  the  cold  air 
being  attendent  with  a  brisk  ebullition  among  the  molten  cast-iron,  due 
to  the  carbon  particles  being  burnt  by  the  oxygen  of  the  blast.  When 
the  iron  is  run  from  the  cupola  after  this  process,  it  is  found  to  be  wo;q- 
derfuUy  pure  and  already  fit  for  most  of  the  purposes  of  malleable  iron. 

J?aM/tft^.-— Handrabbling  is  probably  the  most  laborious  and  exhausting 
labour  in  which  human  beings  are  ever  employed,  and  the  efforts  of  many 
inventors  have  been  devoted  to  dispensing  with  or  lessening  the  labour 
of  the  puddler.  The  most  recent  chemiccd  inventions  have  come  from  the 
United  States  :  the  "  Sherman  "  process  introducing  iodine  as  a  *' physic" 
into  the  puddling  furnace ;  while  the  <'  Henderson  '*  process  employ  fluorine 
with  the  intention  of  effecting  all  the  work  usually  done  in  that  furnace 
by  chemical  instead  of  mechanical  agency,  and  dispensing  totally  or  near- 
ly so  with  the  rabble*  Many  mechanical  contrivances  also  have  been 
tried  to  aid  the  puddler :  either  rotary  furnaces,  such  as  '^  Banks,"  or  os- 
cillating or  revolving  rabbles  worked  by  machinery.  M.  Darmoy^s  rotary 
raHble  has  been  tried  recently  in  England  with  great  success  :  the  opera- 
tion being  rapid  and  so  easy  as  to  be  conducted  by  the  inventor  himself, 
irhile  the  yield  of  iron  was  large  and  good.    The  apparatus  is  very  simple : 
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a  common  belt,  driren  from  Bhafting  about  6  feet  above  thefamace,  rotatea 
a  sheaye,  which  is  loosely  jointed  at  one  end  to  the  paddling  rabble,  and 
at  the  other  tnms  on  a  pin  held  in  the  hand  of  the  pnddler.  The  strap 
rotates  the  rabble,  supports  part  of  its  wmght  like  a  suspension  lii^,  and 
acts  as  an  nniyersal  joint.  Its  real  speed  (varying  from  200  to  1,000  re- 
volutions per  minute)  is  found  to  give  it  all  the  mechanical  eneigy  required. 

160.  C2tia/%.— Wrought-iron  may  (like  cast-iron)  be  judged  of,  as 
to  quality,  by  the  surface  of  a  recent  fracture.  It  should  have  a  clear 
bluish-gray  colour,  with  a  high  silky  lustre,  and  a  fibrous  appearance ; 
when  the  texture  is  either  laminated  or  crystalline,  the  metal  is  defective.* 
It  is  tough,  malleable,  and  ductile^  At  a  white  heat,  it  becomes  soft 
enough  to  take  any  shape  under  the  hammer,  and  admits  readily  of  being 
welded,  t.e.,  the  thorough  union  of  two  pieces.  In  this  operation,  it 'is 
necessary  that  each  surface  of  contact  should  be  free  from  oxide  (rust); 
to  make  sure  of  this,  it  is  usual  for  the  smith  to  shake  a  little  sand  and 
dust  over  the  surfaces  to  be  joined ;  the  earthy  matter  forms  a  very 
fusible  compound  with  any  nist  that  may  be  present,  and  is  easily  ex* 
pressed  by  the  hammering. 

161.  The  principal  forms  in  which  wrought-iron  is  prepared  Tor 
general  purposes  are  :^-  : 

Par-mm.— Long  pieces  of  rectangular  section,  generally  square,  dis* 
tinguished  according  to  dimensions  of  section,  as  1-inch  bar,  2-inch| 
2J-inch,  d;c. 

Rod-iron. — Which  is  in  long  cylindrical  pieces,  the  different,  sizes  of 
which  similarly  specified,  as  ^-inch  rod,  1^-inch,  &c. 

The  above  forms  are  given  by  angular  or  semi-circular  indentations  on 
the  peripheries  of  the  rollers  between  which  the  metal  is  passed.  •••The 
different  descriptions  of  iron  vnre  might  be  considered  so  many  smaller 
sizes  of  rod-iron,  but  they  differ  from  it  in  the  method  in  which  they  are 
made — ^wire  being  drawn  through  circular  holes  in  a  strong  metal  plate, 
not  rolled  as  rod-iron.  Various  forms  other  than  the  rectangular  and 
cylindrical  may  be  given  to  bars  of  iron  by  the  same  means,  that  is  by 
haying  the  desired  form  of  section  cut  in  the  peripheries  of  the  rollers ;  in 
this  manner  is  made  what  is  called  i*-  and  [{-iron  (in  cross-section  resem- 
bling those  letters).  Angle-iron  like  the  letter  L,  also  different  forms  of 

*  An  exception  to  thig  Is  the  famoas  Low  Moor  Iron,  which  is  granalar,  never  flbrons,  and  is  yet 
rery  strong,  and  Indeed  ia  often  selected  by  Bngineenon  aoooont  ol  ite  known  straigtib,  lor  gixdenb 
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railway  bar-iron,  &c.  To  obtain  pieces  of  large  cross-section,  it  is  often 
necessary  to  weld  together  two  or  more  smaller  bars,  which  process  is 
called  faggoting. 

Sheet  and  Hoop-iron  are  made  by  rolling  between  smooth  cylinders. 

A  very  useful  form  of  sheet-iron,  which  should  be  noticed,  is  that  of 
corrugated  iron,  which  is  produced  by  passing  the  sheets  between  rollers 
haying  grooved  peripheries.  By  this  fonn,  tiie  strength  or  stiffness  of 
the  sheet  is  so  much  increased,  that  sheet  iron  thus  formed  may  be  usefully 
applied  to  a  great  variety  of  purposes,  for  which  it  is  otherwise,  owing 
to  its  thinness  and  pliability,  utterly  inadequate. 

All  working  with  heated  iron,  or  forgework,  is  the  hlacJcsmtVs  depart- 
ment :  the  whitesmith  operates  on  cold  iron,  and  gives  the  finishing  to 
work  that  has  passed  through  the  hands  of  the  blacksmith. 

162.  Exposed  to  dry  air,  iron  does  not  rust,  but  in  damp  air  it  does 
so  rapidly,  and  in  an  increasing  degree ;  the  rust  forming  with  the  iron  a 
galvanic  pair  by  which  the  chemical  action  is  increased.  The  principle 
involved  in  this  has  been  applied  to  the  protection  of  iron  from  rust  by  at 
once  forming  a  galvanic  couple  in  which  the  iron  will  be  the  least  electro- 
positive element,  and  so  less  exposed  to  oxydation :  it  is  with  this  object 
that  iron  (especially  sheet)  is  often  covered  with  a  thin  coatjng  of  zinc, 
and  is  then  for  this  reason,  called  galvanized  iron.  A  like  result  may  be 
obtained  by  attaching  lumps  of  zinc  to  exposed  iron  work.  It  should  be 
remembered  that  the  iron  is  preserved  at  the  expense  of  the  zinc,  which 
is  gradually  decomposed.  In  a  similar  manner  copper  may  be  protected 
by  zinc,  tin,  or  iron.  This  action  may  be  noticed  in  iron  railings  which 
are  secured  with  lead,  the  iron  quickly  corroding  in  consequence.  To 
obviate  this,  railings  may  be  fixed  in  stone  by  filling  the  sockets  with  a 
melted  mixure  of  iron  filings  and  sulphur.  Coal  tar  laid  on  hot  is  one 
of  the  best  surface  protections  of  iron.  Wrought-iron  resists  the  action 
of  salt  water  better  than  cast-iron,  the  latter  being  gradually  softened 
and  converted  into  plumbago  by  its  action. 

163.  Steel. — Steel  is  a  compound  of  iron  with  from  0*5  to  1'5  per 
cent,  of  its  weight  of  carbon,  thus  containing  less  carbon  than  cast-iron ; 
it  is  generally  made  by  incorporating  the  carbon  with  the  iron  in  its  malle- 
able condition.  The  best  qualities  of  steel  are  produced  in  this  way,  but 
there  is  a  kind  known  as  natural  steely  which  is  produced  directly  from 
cast-iron  by  baming  out  some  of  the  carbon  which  it  contains.     The 
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qtality,  howeTer,  is  inferior^  and  it  can  only  be  applied  to  very  common 
pnrposes. 

Blitter  Sto^/.— For  the  snperior  qnallties,  the  malleable  iron  must  be 
Bnbjected  to  the  process  of  cementation,  which  is  carried  on  as  follows  :— 
Cement  powder  is  prepared  by  mixing  gronnd  charcoal  with  abont  one- 
tenth  its  weight  of  wood  ashes  and  common  salt,  and  this  powder  is  spread 
on  the  bottom  of  a  fire-clay  box,  and  oyer  it  are  arranged  a  layer  of  iron 
rods.  A  second  layer  of  cement  powder  is  now  added,  and  a  second  layer 
of  iron  rods  put  in ;  and  so  on,  nntil  the  box  is  filled  and  tightly  packed* 
The  box  is  now  subjected  to  a  fall  red  heat  for  abont  six  or  eight  days, 
during  which  time  one  of  the  rods  is  taken  ont  from  time  to  time  and 
inspected.  At  the  end  of  the  process,  the  carbon  is  found  to  have  slowly 
penetrated  the  bars,  eyen  to  the  yery  centre.  The  surface  of  the  bars  is 
usually  coyered  oyer  with  bUba  or  bltaterSj  which  are  produced  by  the 
eyolution  in  the  course  of  the  operation  of  the  yapour  of  bi-sulphide  of 
carbon.    Steel  thus  made  is  consequently  termed  blister  steel. 

Cast'Steel.^-^To  render  it  perfectly  uniform  the  blister  steel  is  now 
fused  and  cast,  with  a  small  additional  quantity  of  carbon  and  some 
manganese ;  this  is  termed  cast  steel  and  is  the  purest,  most  uniform 
and  strongest  form,  and  is  used  for  the  finest  cutting  implements,  but  is 
unsuited  for  welding. 

Shear  steel  is  blister  steel  cut  up,  piled  and  welded  under  the  tilt 
hammer,  the  piling  answered  the  same  purpose  ais  fusion,  but  less  per- 
fectly in  producing  homogenity  of  structure.  This  process  restores  the 
fibrous  character.  Shear  steel  is  close,  hard,  and  elastic :  and  is  used 
for  yarious  tools  and  cutting  implements. 

Bessemer  Steet.-^The  Bessemer  process  is  also  used  for  making  steel. 
Jets  of  air  are  forced  through  molten  pig-iron,  and  the  blowing  is  either 
stopped  at  an  instant,  determined  by  experience,  when  it  is  known  that 
there  remains  in  the  iron  a  quantity  of  carbon  sufficient  to  make  steel 
of  the  kind  required,  or  else  the  blast  is  continued  until  the  carbon  is 
all  remoyed,  so  that  the  yessel  is  full  of  pure  malleable  iron  in  the 
melted  state,  and  carbon  is  added  in  the  proper  proportion,  with  man- 
ganese and  silicon.  The  steel  thus  prepared  is  run  into  large  ingots, 
which  are  hammered  and  rolled  like  blooms  of  wrought-iron. 

Steel  differs  from  iron  in  its  texture,  being  more  granular ;  it  Is  also 
more  easily  fused,  but  the  great  difference  between  them  is  the  power  the 
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steel  has  of  asstuning  an  extraordinary  hardness  after  it  has  nndergpne 
tempering,  when  it  is  also  rendered  wonderfully  elastic ;  these  two  pro- 
perties of  hardness  and  elasticity  adapting  it  for  a  yariety  of  purposes 
for  which  wrought-iron  would  be  unsuitable.  Its  great  use  is  in  making 
edge  tools.  These  however,  have  often  only  a  superficial  coating  of  steel, 
which  is  communicated  by  ccise  hardening.  The  tool  is  heated  red  hot  and 
sprinkled  over  with  ferro-cyanide  of  potassium,  the  carbon  of  which  com- 
bines with  the  iron  on  the  surface  of  the  tool,  making  a  coating  of  steel. 

With  the  exception  of  the  large  and  increasing  use  of  steel  for  railway 
bars,  no  great  branch  of  metallic  industry  can  yet  be  pointed  out  as 
having  passed  from  iron  over  to  steel. 

The  large  and  economical  use  of  steel  for  structural  purposes,  and 
more  especially  for  ship  and  bridge  building,  labours  under  three  chief 
difficulties  which  retard  its  progess,  viz. ;  (a),  a  certain  risk  of  want  of 
uniformity  in  the  manufactured  material  as  delivered  to  the  builder ;  (6), 
the  extreme  sensitiveness  of  steel  to  change  its  physical  condition  by 
abrupt  change  of  temperature,  brought  about  unavoidably  or  accidentally 
in  the  process  of  building  into  structure ;  (c),  the  physical  qualities 
which  belong  to  steel,  necessitating  special  manipulation  and  with  spe- 
cial tools  or  methods,  if  we  are  to  avoid  injuring  more  or  less  its  valuable 
properties,  when  so  built  into  structure. 

In  time  however,  these  difficulties  will  probably  be  overcome,  and 
steel  will  be  used  in  preference  to  malleable  iron ;  admitting  of  economy 
in  mass  and  weight  by  the  use  of  a  material  whose  tensile  strength  mkj 
be  taken  at  50  tons  per  square  inch. 

164.  Copper. — Copper  is  rather  too  expeiisive  a  metal  ik>  be  used 
much  in  building.  It  is  obtained  by  a  somewhat  complex  process  of 
smelting  (or  rather  a  series  of  processes)  from  copper  pyrites,  a  sulphide 
of  copper  and  iron.  The  high  price  of  the  metal  enables  the  smelter  to 
work  ores,  which  do  not  contain  over  two  or  three  per  cent,  of  metal. 
Copper  is  sometimes  found  native,  but  only  in  small  quantity.  It  is  a 
metal  of  a  peculiar  red  colour ;  when  tarnished,  it  characteristically  be- 
comes green,  from  being  covered  with  a  coating  of  sub-carbonate  of  cop- 
per.   It  is  a  very  malleable  and  a  still  more  tenacious  metal.     Sheets 
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and  wire  of  extreme  fineness  can  be  made  of  it.    For  building,  copper 
is  more  employed  in  the  form  of  its  very  useful  alloy  with  zinc,  brass. 
1 60.    Zinc  or  Spelter.— This  metal  is  more  extensively  nsed  in  build- 
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ihg  than  the  last,  it  is  much  cheaper  and  wonderfully  durable.  It  is  ob- 
tained from  either  of  its  ores,  the  sulphide  (zincblende)— or  the  carbonate 
(calamine).  These  are  roasted,  and  then,  after  mixture  with  coke  or 
charcoal,  subjected  to  a  kind  of  distillation,  by  which  the  zinc,  on  account 
of  its  easy  yolatility,  is  separated.  Though  a  brittle  metal  at  ordinary 
temperatures  it  becomes  malleable  between  200°  and  300^,  and  then  may 
be  rolled  into  sheets  or  drawn  into  wires,  in  which  last  state,  howeyer,  it 
is  hardly  used  at  all.  It  is  used  for  gutters,  roofing,  piping,  &c.,  it  soon 
becomes  oxydized  on  the  surface,  but  the  film  of  oxide  remains  adherent, 
and  thus  protects  the  rest  of  the  metal  beneath  from  further  action  of 
the  air.  Whenever  the  air  is  apt  to  contain  acid  particles,  as  near  the 
sea,  zinc  soon  gives  way. 

166.  Lead. — The  ore  of  this  metal  is  almost  always  the  sulphide 
(galena).  After  the  dressing  of  the  ore,  it  is' ground  and  divided  into  two 
quantities,  one  of  which  is  roasted  in  a  reverberatory  furnace  at  a  compa^ 
ratively  low  temperature ;  by  this  it  is  changed  into  oxide  of  lead ;  the 
second  quantity  of  ore  is  now  added,  and  the  heat  of  the  furnace  raised 
when  a  re-action  ensues  between  the  oxide  of  lead  and  the  new  unaltered 
sulphide,  the  result  of  which  is  to  produce  sulphurous  acid  and  metallic 
lead,  the  former  escapes  up  the  chimney  and  the  latter  runs  from  the 
furnace  in  a  molten  condition.  It  is  then  purified  by  a  second  fusion, 
after  which  it  is  quite  fit  for  the  market.  For  building  purposes,  lead  is 
not  now  much  employed,  excepting  in  water  fittings,  such  as  the  lining  of 
cisterns  and  the  making  of  pipes.'  It  is  singular  that  for  these  very  pur- 
poses there  is  an  important  objection  to  lead ;  for  it  is  found  that  if  the 
water  brought  in  contact  with  this  metal  be  very  soft  or  pure,  it  is  apt  to 
be  acted  upon,  and  even  a  poisonous  amount  of  lead  may  thus  get  mixed 
with  the  water.  Certain  salts  existing  in  many  natural  waters,  prevent 
this  action  altogether ;  such  salts  are  the  carbonates  and  sulphates,  and 
especially  carbonate  and  sulphate  of  lime,  and  these  are  very  common  in 
most  spring  waters,  in  sufficiently  large  amount  to  prove  a  perfect  protec- 
tion from  the  evil.  Waters  from  rivers  or  lakes,  in  countries  where  the 
primary  rocks  such  as  granite  or  gneiss  abound,  are  open  to  be  suspected 
of  having  this  action  on  lead,  and  in  all  such  cases  means  should  be  taken 
to  ascertain  by  actual  experiment,  whether  it  would  be  safe  or  otherwise 
to  pass  the  water  through  leaden  pipes  or  store  it  in  leaden  dstems. 
Becently  boiled  or  distilled  water  should  never  be  put  in  leaden  vessels. 
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Sheet  lead  is  also  occasionally  used  as  acoyeringfor  roofs  (weight  7  lbs, 
per  square  foot;  flattest  slope  4^).  When  a  fresh  surface  of  lead  is  ex^ 
posed  to  air  or  water,  it  becomes  coated  in  a  short  time  with  a  thin  gray 
film  of  oxide,  which  protects  the  metal  against  farther  oxidation,  unless 
there  be  present  some  acid  capable  of  dissolving  the  oxide. 

Lead  is  a  very  soft  and  heavy  metal,  its  spedfio  gravity  is  11*44,  it 
fuses  at  the  temperature  of  620^.  On  account  of  its  contracting  at  the 
moment  of  its  becoming  a  solid,  it  is  not  employed  alone  for  casting  :  but 
when  used  for  type  metal^  to  4  parts  of  lead  is  added  1  part  of  anUmanyf 
which  prevents  contraction  of  the  alloy  in  cooling. 

167.  TlUi — The  ore  of  this  metalis  called  tin  stone,  and  is  a  bin-oxide 
of  the  metal.  The  ore  is  treated  by  the  process  described  in  the  begin«» 
ning  of  this  Chapter.  It  is  too  expensive  a  metal  to  be  used  much  in 
building,  besides  being  too  soft  and  too  easily  fused.  In  the  form  of  tin 
plate,  there  is  a  considerable  consumption  of  the  metal ;  "  tin-plate  '* 
being  formed  by  immersing  well  cleansed  sheets  of  iron  in  melted  tin  : 
by  which  process  the  iron  is  coated  with  a  layer  of  an  alloy  of  iron 
and  tin,  which  passes  gradually  into  pure  tin  at  its  outer  surface.  The 
very  slow  action  of  air  on  tin  gives  to  articles  made  of  tin-plate,  all  the 
strength  of  the  iron,  with  the  brightness  and  cleanliness  of  the  tin.  With 
moderate  care,  in  a  dry  atmosphere,  the  tin  coating  remains  a  long  time, 
but  when  once  a  single  spot  is  denuded,  the  whole  surface  gives  way  very 
speedily. 

Tin  melts  at  442^  It  is  very  malleable,  and  when  beaten  out,  it  forms 
the  useful  investing  material,  tin-foiL 

168.  Alloys.— An  alloy  is  a  compound  of  two  or  more  metals. 
Alloys  are  generally  more  fusible  and  harder  than  the  metals  which  enter 
into  their  composition.  In  making  alloys,  the  most  infusible  metal 
should  be  melted  first :  and  the  quantities  of  the  ingredients  should  bear 
definite  atomic  proportions  to  each  other :  otherwise  the  metal  produced 
will  not  be  a  homogeneous  compound,  but  a  mixture  of  two  or  more 
different  compounds  in  irregular  masses,  which  being  different  in  expansi- 
bility and  elasticity  tend  to  separate  from  each  other. 

Oun  metal  consists  of  nine  parts  copper  and  one  of  tin,  with  sometimes 
a  little  zinc.  It  is  tough,  strong  and  hard,  and  is  used  for  pumps,  valves, 
cylinders,  and  those  parts  of  machinery  subject  to  attrition. 

Brass,  composed  of  three  parts  ainc  and  five  or  six.  of  copper,  is  used 
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for  philosophical  instmments,  utensils,  &c.  It  is  ductile,  tough,  rery 
tractable,  taking  a  fine  polish.  Brass  for  locks,  door  handles,  &c.,  con- 
sists of  one  part  zinc  and  three  of  copper.  Brass  for  turning  in  the  lathe^ 
should  have  a  little  lead  in  it  besides  copper  and  zinc ;  but  lead  renders 
it  unfit  for  hammering. 

Bell  metal  consists  of  seventy-eight  parts  copper  and  twenty-tvro  of  tin. 

Bronze  consists  of  copper  and  tin,  with  a  little  zinc  and  lead. 

Pewter  is  an  alloy  of  eight  parts  of  tin  to  twenty  of  lead. 

Soldering  is  the  art  of  uniting  the  edges  or  surfaces  of  metals  by  partial 
fusion,  or  by  the  application  of  an  alloy  called  solder,  which  is  more  fusible 
than  the  metals  to  be  united.  To  efPect  this,  the  solder  must  be  of  such 
metals  as  will,  when  fused,  combine  readily  and  firmly  with  the  pieces  of 
metal  to  be  united-^with  each  of  them,  when  they  are  of  different  kinds. 
Thus  different  metals  require  different  solders  to  unite  them.  Solder  for 
tin  is  made  of  one  part  tin  and  two  parts  lead — ^that  for  iron,  copper  and 
brass,  is  an  alloy  of  three  parts  zinc  to  four  of  copper ;  lead  alone,  or  an 
alloy  of  lead  and  tin  is  used  as  a  solder  for  lead,  &c.  The  application 
of  the  fused  solder  forms  an  alloy  at  the  surfaces  in  contact,  and  that  this 
may  take  place  more  effectually,  some  other  substance  is  employed  as  aJIvx 
along  with  the  solder,  being  applied  to  the  smoothed  and  cleaned  surfaces 
of  the  metals  before  soldering.  For  this  purpose  borax  is  generally  used 
with  brass ;  sal-ammoniac  or  resin  with  tin,  copper  and  iron  :  spirit  of  salt 
(hydrochloric  acid)  with  zinc.  What  is  called  Fine  solder  consists  of  two 
parts  tin  to  one  of  lead.  This  is  what  is  used  by  pewterers  and  for  tinning 
copper  vessels,  &c.  Hard  solder  is  one  which  requires  the  metals  that 
are  to  be  united  previously  brought  to  a  red  heat,  or  even  almost  to  the 
point  of  fusion.  Sojl  solder  is  such  as  may  be  applied  without  raising  the 
metals  to  so  high  a  temperature,  such  as  solder  formed  of  lead  and  tin,  in 
which  lead  is  in  excess.  When  sheet  metals  are  nailed,  the  nail  holes 
should  be  covered  with  a  small  patch  of  solder,  which  is  called  <<  dotting/' 

169.  Indian  Metals. — Iron  is  found  in  many  parts  of  India,  in  the 
Salem  and  Beypnr  districts  of  the  Madras  Presidency,  in  the  Vhyndhia 
Hills  near  Jubbulpore,  and  the  Nerbudda  territory,  in  Jhansi  andOwalior, 
also  in  Assam  and  Burmah,  and  various  other  parts.  Copper  is  found  in 
Knmaun,  Bajputana,  <&c.  Tin  in  Burmah  and  Malacca.  The  following 
extracts  are  from  the  Indian  Catalogue  of  the  International  Exhibition 
of  1862,  and  from  Memoirs  of  the  Indian  Geological  Survey. 
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Isos.— J«yj>Kr.— The  bnik  oE  theM  arts  are  rich  nrngnetic  mMa,  tnd  when  fned 
from  earthj  mutter,  nnd  reailjr  for  the  blaat  furaace,  contain  aboDt  72  per  cent. 
of  Iron.  They  are  foancl  in  monntain  pawea,  and  are  obtained  by  qnarrjing  with  a 
crow-bar.  The  quantity  is  ao  large,  that  it  is  not  necessary  to  have  recoarse  to  nnder- 
KTOimd  operationa,  They  are  qnite  free  from  inlphnr,  arsenic,  and  pboephome,  aDd 
npoD  a  large  average  hare  been  found  to  yield  68  per  cenL  ot  metal  in  the  blast 
tamae& 

170.  Balen. — The  ironof  the  Salemdistricts  of  the  Madras  Presidency  la  a  rich 
magnetic  oxide  of  iron,  very  heavy  and  maiaive.  The  yield  averages  60  per  cent,  of  ■ 
metallic  iron.  The  ore  ia,  however,  often  mixed  with  quarts,  which  is  a  very  refrac- 
tory material  in  the  blast  fnmace.  Limestone,  and,  in  some  places,  shell  lime,  is  em< 
ployed  as  a  flax,  and  the  charcoal  of  some  kind  of  acacia  is  the  fuel. 

The  method  of  ameltdng  is  here,  as  in  other  places,  very  simple,  and  the  apparatna 
used  very  cheap.  The  iron  produced  ia  of  excellent  quality,  bnt  the  qaantity  is  bnt 
BmalL 

The  shape  and  conBtracUoD  of  the  fomaeea  vary  slightly,  bnt  that  most  generally 
Died  is  nearly  cylindrical,  tapering  into  an  irregular  cone  at  the  top.  The  furnaces 
are  constructed  entirely  of  red-clay  mixed  with  sand  ;  they  conataatly  require  to  hare 
the  inside  renewed  by  fresh  linings  of  clay,  which  cannot  stand  more  than  thrteor 
four  day's  working.  The  height  of  the  fnnmce  varies  from  3  to  fi  feet,  with  a  diame- 
ter of  the  interior  of  from  9  inches  to  1  fooL  The  furnace  itself  at  the  ground  is 
about  2  feet  wide,  and  tapers  eometimea  from  the  ground,  sometimes  from  about  ^rd 
or  ith  of  the  height ;  the  walls  are  from  4  to  G  inches  thick.  The  front  of  the  fur- 
naces is  for  the  moat  part  nearly  vertical,  the  back  therefore  slopes  considerably  more 
than  do  the  sidrs,  as  shown  in  the  annexed  Qgore,  giving  a  section  of  an  iron  famace 
at  Choindanomgalam,  in  the  Namkul  Talaq.    In  some  cases,  however,  the  furnace  ia 

Inside  the  fomaee,  the  ground  ie  generally  escavated  to  the  depth  of  about  1 
foot,  to  form  a  hearth  for  the  hloon.  A  semi-ciicular  opening  from  1  foot  to  1( 
inches  high  is  either  left  in  the  front  wall,  or  is  Nat'ivt  Iron  Pamace, 

■nbsequently  cut  into  it  while  the  clay  is  still  moist. 
This  is  Slled  up  with  clsy  before  the  commence- 
ment of  each  smelting. 

The  blast  required  for  the  smelting  is  obtained 
by  using  two  bellows,  each  made  of  a  sheep  or 
goat's  skin,  and  worked  by  hand  in  theordioaiy 
way  by  a  man  squatting  in  front  of  the  famace. 
The  nozzles  of  the  bellows  are  made  either  of  thin 

sheet  iron,  or  tin-plate,  or  sometimes  bamboos,  and  these  are  inserted  into  a  clay 
tuyere  entering  at  the  bottom  of  Uie  front  opening,  and  caftfolly  Inted.  The  tuyeres 
reach  to  the  centre  of  the  furnace.  The  bottom  of  the  furnace  is  covered  with  a  layer 
of  charcoal  dust,  to  prevent  the  adhesion  of  the  bloom.  By  nsing  the  bellows 
alternately,  a  tolerably  continuous  blast  is  prodnced. 

The  furnace  is  first  filled  to  the  top,  or  very  nearly  so,  with  charcoal,  which  is 
ignited  by  means  of  a  burning  ember  passed  through  the  tuyere.  As  soon  as  flames 
issue  from  above,  a  small  charge  of  the  powdered  iron  ore,  well  moistened  to  make  it 
cake  together,  ia  introduced  through  the  apex  and  covered  with  charcoal :  this  ia 
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followed  by  laceesftlTe  charges  of  ore  and  f nel,  antil  the  proper  quantity  of  ore  is  in 
the  furnace.  The  blast  is  now  strongly  applied|  and  continned  from  two  and  a  half 
to  fonr  hours,  according  to  the  size  of  the  furnace.  The  process  is  then  considered 
complete,  the  semi-circular  aperture  in  front  of  the  furnace  is  opened,  and  the  bloom 
is  removed.  A  number  of  heavy  blows  with  a  hammer  or  mallet  are  given,  to  knock 
off  as  much  as  possible  of  the  adhering  oxide,  and  the  bloom  is  then  cut  half  through 
with  a  hatchet,  and  allowed  to  cool.  The  object  of  cutting  open  the  bloom  in  thia 
way  is  to  exhibit  the  grain  to  the  purchaser. 

Charcoal  is  the  only  fuel  used,  but  different  values  are  attached  to  different  woods 
for  the  purpose  of  charcoal,  and  frequently  two  or  three  different  kinds  are  used  at 
different  levels  in  the  furnace.  What  the  effect  of  this  may  be  cannot  be  clearly 
stated.    No  flux  is  used. 

The  ordinary  charge  for  one  of  these  furnaces  is  about  18  lbs.  of  ore,  and  the  smelt- 
ing occupies  two  to  three  hours.  The  average  out-turn  is  three  blooms  in  the  12 
hours,  four  men  being  required  to  work  the  furnace ;  but  the  furnaces  are  never 
worked  continuously.  In  some  parts,  larger  furnaces  are  usedi  and  the  charge  for 
each  smelting  amounts  to  35  lbs.  of  or& 

The  process  of  refining  the  metal  thus  obtained  consists  merely  in  heating  the 
bloom  several  times,  and  subjecting  it  to  a  good  hammering,  by  which  the  slag  is  in  great 
measure  got  rid  of.  It  is  then  hammered  into  rude  bars  about  1  foot  in  length  and 
about  2  inches  in  width.    From  these  bars  the  **  Wootz  "  or  Indian  steel  is  prepared. 

171.  Cuttack. — An  abundance  of  ibis  ironstone  is  found  in  the  district  of  Sum- 
bnlpur,  and  it  is  plentiful  in  the  Cuttack  Tributary  States  of  Talchere,  Dhenkanal, 
Pal  Lahara,  and  Ungool,  and  indeed  throughout  the  hilly  country  bordering  the  settled 
districts  of  this  province  on  the  north-west.  The  whole  of  the  iron  used  for  various 
purposes  in  this  division  is  supplied  from  these  local  sources.  In  Snmbulpur,  the 
crude  iron  'is  sold  at  one  anna  per  seer,  which  is  equivalent  to  about  three-fourths 
of  a  penny  per  English  pound.  No  flux  is  used  ;  the  broken  ironstone  is  mixed  with 
charcoal,  which  can  be  prepared  in  any  required  quantity  on  the  spot,  and  the  mixture 
is  then,  probably  in  alternate  layers,  put  into  the  furnace, — a  kiln  in  minature  stand- 
ing about  4  feet  high,  and  made  of  clay.  The  top  is  open,  and  the  bottom  and  sides 
thoroughly  closed.  The  fire  is  maintained  by  an  artificial  blast,  introduced  through 
a  fire-clay  pipe  which  is  sealed  up  with  clay  after  the  insertion  of  the  nozzle  of  the 
bellows.  The  slag  escapes,  or  more  properly  is  raked  out,  through  an  aperture  made 
in  the  ground,  and  which  runs  up  into  the  centre  of  the  furnace  base.  Three  men-— 
one  to  serve  the  fire,  and  two  to  work  the  bellows— are  required  to  tend  each  furnace. 
The  charcoal  used  is  made  from  the  sal,  or  Shorea  rohutta.  Limestone  in  calcare- 
ous  nodules  is  abundant  on  the  spot,  but  is  nowhere  used  in  smelting. 

1 72.  Shahdhad. — Abundant  quarries  of  the  peroxide  and  proto-peroxide  of  iroc, 
as  also  of  iron-pyrites,  abound  in  the  most  accessible  portions  of  the  Eymore  range. 
The  Eymore  range  is  the  north-easterly  spur  of  the  Vhyndhia  range,  and  fills  all 
Southern  Mirzapur  and  Shahabad.  Most  of  the  ores  are  peculiarly  rich  in  metal, 
some  of  them  even  yielding  70  to  75  per  cent  of  pig-iron,  but  without  accessible 
coal  they  are  comparatively  useless.  Considerable  quantities  of  iron,  and  that  some 
of  the  best  in  India,  are  annually  produced  in  Palomow,  Rewah,  Bidjugghnr,  and 
Singrowlie.  The  iron  from  the  latter  place,  in  particular,  bears  a  high  character  in 
the  market,  being  tough,  flexible,  and  easily  worked,  while  English  iron,  having 
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originally  been  smelted  from  an  inferior  ore  (the  clay  ironstone)  and  with  mineral 
ia  almost  unworkable  by  native  blacksmiths. 

The  ores  are  extremely  rich,  and  the  cost  merely  nominal,  probably  not  more  than 
2  per  cent  npon  the  cost  of  qnarrying ;  and  the  ores  being  all  above  ground,  would 
reduce  the  cost  of  quarrying  to  a  minimum.  Charcoal,  as  used  by  native  smelters 
may  be  obtained  at  10  or  11  maunds  per  rupee,  say  Rs.  2^  to  8  per  ton,  in  the  foresti 
to  which,  of  course,  must  be  added  cost  of  carriage  to  site. 

178.  Juhbulpore. — The  Azureea  mines  are  situated  on  a  hill  consisting  of  iron 
ore,  found  at  1|  feet  from  the  surface,  and  extending  over  an  area  of  about  60,000 
yards  square  and  80  feet  deep.  The  ore  exists  in  thin  flakes  of  a  gray  iron  colour  and 
metallic  lustre.  The  nature  of  fuel  used  is  common  wood  charcoal,  and  for  refining 
the  metal,  bamboo  charcoal ;  the  fuel  is  brought  from  a  distance  of  about  6  miles 
from  the  mines.  The  ore  and  charcoal  are  thrown,  in  small  quantities,  every  half 
hour  into  an  earthen  furnace  five  feet  high  and  two  feet  square ;  a  part  of  the  bottom 
of  the  furnace  is  filled  with  fuel  only  ;  this  being  kindled,  a  pair  of  bellows  is  applied 
to  raise  the  heat,  and  a  passage  made  at  the  side  of  the  furnace  for  the  melted  metal 
to  run  out.  Four  maunds  (320  lbs.)  of  ore  and  2|  maunds  of  charcoal  are  daily  used 
in  a  furnace  ;.  the  fuel  is  used  in  the  proportion  of  5-8th8  or  62  per  cent,  of  the  ore 
for  smelting,  and  1-6 th  more  for  refining  the  metaL  A  furnace  furnishes  daily  2 
maunds  (160  lb&)  or  50  per  cent  of  the  crude  iron  from  4  maunds  of  the  ore  ;  this 
when  forged,  yields  30  seers,  or  nearly  19  per  cent  of  wrought-iron.  The  ore  is  sim* 
ply  dug  out  with  pickaxes ;  it  costs  6  pie  per  mannd  for  excavating  and  carrying  to 
the  furnace.  The  fuel  or  charcoal  costs  Rs.  1-1-6  per  maund  of  wrought-iron.  The 
entire  cost  of  the  pure  metal  obtained  amounts  to  Rs.  1-13  per  maund,  including 
labour  and  materials.  The  ore  is  generally  sold  at  the  works  and  conveyed  on  bullocks 
to  different  markets.  When  brought  to  Jubbulpore,  the  nearest  market,  it  costs  2 
annas  8  pie  per  maund,  exclusive  of  duty. 

174.  Punjab. — The  iron  ores  of  the  Punjab  are  produced  along  its  north-eastern 
mountain  frontier  as  well  as  in  the  lower  hills  of  the  Sulaimanf  and  Wazfrf  ranges, 
and  those  to  the  south-east  of  the  Bannu  district,  and  to  some  extent  in  the  Salt 
Range.  On  the  other  side  of  the  province,  in  the  hilly  portions  of  Gurgaon  district, 
iron  is  found,  and  although  the  hills  in  the  Delhi  district  exhibit  no  specimens  of  iron 
ore  as  such,  there  is  in  them  a  ferruginous  rock ;  and  the  M&hriili  hill,  which  yields 
iron  ore,  is  one  of  that  group  of  outliers  that  forms  a  continimtion  as  it  were  of  the 
Aravali  range,  and  properly  within  the  Delhi  district. 

Along  the  Himalayan  frontier,  the  principal  places  of  production  are  the  Hill  States 
of  the  Simla  district  (J(ibal,  Dh&mi,  Bishahr  and  R&mpur).  Again  at  Snket  and 
Maudi,  iron  is  largely  produced,  and  the  mines  at  Kot  Khai,  Fatehpur,  and  fihlr  Ban- 
g&l  of  Kangra  are  famous.  Pursuing  the  line  of  Hill  States,  the  iron  of  the  Chamba 
bills  next  demands  notice,  and  the  next  division  up  to  the  Hazara  district  is  included 
in  the  territories  of  EL  H.  the  Mah&rajah  of  Kashmir.  In  these  territories,  the  best 
iron  is  found  at  Rej&si  in  Jnmmoo,  while  the  iron  found  at  Sonf  and  Euty&r  in  Kash- 
mir proper,  is  not  so  good.  Iron  of  good  quality,  but  inferior  to  that  of  Rcy&si, 
occurs  in  Blinch,  the  territory  of  Raja  Moti  Singh,  feudatory  of  Kashmir.  Reverting 
once  more  to  British  territory,  we  find  iron  ore  at  Bakot  in  the  Hasara  district 
Next  to  this,  in  the  hills  due  north  of  Peshawar,  is  the  source  of  the  Bajanr  iron, 
which  is  of  fine  quality,  and  is  used  in  the  manufacture  of  the  gun  barrels  of  Kohat 
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and  Jnmmoo  ;  and  not  a  little  also,  it  may  be  presumed,  in  the  formation  of  steel  for 
the  blades  of  Bakbdra  and  Peshawar. 

Nowhere  within  British  territory  is  indigenous  steel  procnrable,  at  all  events  snch 
steel  as  would  be  of  any  use  in  the  finer  classes  of  manufacture :  the  cutlery  of 
Niz&mabad  and  Guzr&t  is  exclusively  manufactured  with  imported  steel,  while  the 
inferior  kinds  are  not  steel  at  aU,  but  merely  polished  iron. 

The  iron  ores  of  the  Himalayan  districts  are  mostly  magnetic  oxides  of  singular 
purity,  and  exist  in  a  great  measure  in  the  form  of  an  iron  sand  or  aggregate  of 
particles  of  oxide  of  iron.  These  are  no  doubt  produced  in  the  detrition  or  disinte- 
gration of  schistose  and  micaceous  rock  containing  particles  of  metal,  this  kind  of 
rock  or  ore  is  called  **  pathar  dhoh." 

In  other  places  the  ore  is  found  as  a  massive  fassmatite,  and  is  sometimes  associated 
with  copper.  In  Suket,  and  a  few  other  localities,  a  glistening  micaceous  iron  ore  or 
glistening  hsmatite  occurs,  but  the  natives  often  call  it  <' antimony  of  Ispahin" 
(surma  Isfahiinf ).     In  one  or  two  instances  it  is  exhibited  as  a  hydrated  peroxide. 

Iron  exists  at  Eanigorum  in  the  Wasiri  hiUs ;  it  is  found  also  as  a  haematite  in  several 
parts  of  the  Salt  range,  and  in  the  Chich&li  range,  on  the  other  side  of  the  river.  In 
a  few  places  near  the  same  ranges,  and  especially  associated  with  shale,  this  metal  is 
found  in  the  form  of  a  sulphuret,  t.  e,,  iron  pyrites,  and  the  beds  of  the  "kasis"  and 
"  kahi "  (earth  containing  anhydrous  proto-sulphate  of  iron)  are  said  to  result  from  the 
decomposition  and  oxydization  of  these  pyrites.  Hydrated  peroxide  in  the  form  of 
ochre,  is  procured  in  a  number  of  places  in  the  Punjab,  and  forms  the  colouring  matter 
in  the  "gil-i-zard,"  or  yellow  earth,  and  in  the  **  MCilt&ni  mitti "  used  by  the  dyers. 

176.  The  following  account  has  been  received  from  the  Deputy  CJommissioner 
of  Gurgaon :  **  The  hill  from  which  the  iron  is  obtained  in  Ferosepore  is  known  gene- 
rally by  the  name  **  Jharkah,*'  and  the  iron  mines  in  it  are  called  **  bura''  mines,  in 
which  by  digging  to  a  depth  oi  6  feet,  pieces  of  a  red  and  slightly  glistening  hssma- 
tite  are  obtained,  called  **  bnra."  From  this  ore  iron  is  obtained.  In  digging  for  the 
ore,  the  miners  first  come  upon  a  quantity  of  red  earth  and  soft  stone  discoloured  by 
iron,  which  is  used  to  make  roads  with  \  below  this  the  hssmatite  is  found.  The  ore 
is  first  pounded  with  stones  into  small  fragments,  and  then  taken  to  the  smelting  fur* 
nace,  which  is  called  "  n&ndrl"  This  furnace  is  of  a  round  conical  shape,  narrow  at 
the  top  and  wide  at  the  base,  and  about  9  feet  high  ;  into  it  is  put  18  maunds  of  the 
ore  (this  quantity  of  ore  is  called  a  "  gan  ")  and  12  maunds  of  charcoal, — some  of  it 
above,  and  some  below,  the  crushed  ora  Each  furnace  is  fitted  with  two  pairs  of 
bellows,  which  are  worked  to  supply  a  blast  of  air  to  the  fire  during  eighteen  hours 
continuously — the  melted  iron  falls  to  the  bottom.  Thirteen  maunds  (=s  1  gan)  of 
ore  yield  8  maunds  of  metallic  iron, — this  is  taken  out  and  repeatedly  heated  and 
hammered  till  it  becomes  pure,  when  about  1|  maunds  of  the  unmixed  metal  remain  i 
in  thus  bringing  the  iron  to  its  pure  state  Q*  loha  pakka  "},  5  maunds  of  charcoal  are 
required  besides  the  12  consumed  in  the  smelting  furnace.  Thus  to  completely  work 
13  maunds  of  ore,  17  maunds  of  charcoal  are  required,  at  a  cost  of  Bs.  8-8,  (at  2 

maunds  per  rupee,)  the  total  cost  of  the  process  is.Bs.  10-10,  thus:— 

B.  A.  p. 
Charcoal,  17  maunds, •        •••        ••.        •••        ...    8    8    0 

Wages  of  workmen  at  the  smelting  furnace,        0  10    0 

Carried  forward,       ...    9    3    0 


-r 


/ 


/ 
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B.  A.  P. 

Brought  forward,       ...    9    2  0 
. .  .„ .            fkmen  at  the  bellows  and  those  who  hammer  out  the 

iron,  ••■        •••        •■•        •••        •••        »a«        ■••        ••■        •••    0  12  0 

Wages  of  workmen  who  work  the  metallic  iron  by  repeatedly  heat- 
ing lt|  cwC.)    •••         t«t         ••■         ••«        •••        •••        •••        ••■    0  12  0 

Total  Rs.,       ...  10  10    0 

176.  The  following  are  the  kinds  of  iron  to  be  met  with  in  the  Lahore  bazars  ;— 
2nd  class  steel, "  asbat,"  nsed  for  coarse  cheap  cntlery  purposes. 

Iron,  variety  "  kheri,"  used  for  agricnltnral  and  other  implements. 

Iron,  variety  **  barki." 

Iron,  variety  ^'gnleri,"  comes  from  Gwalior  in  Hind&stan ;  it  is  a  tenacioos  metal 
and  nsed  for  wire  drawing,  gon  barrels,  &c. 

Besides  these  varieties,  the  following  kinds  are  met  with  in' the  shops  of  the  **  lohtis,'* 
or  iron  sellers,  who  are  the  persons  who  bny  wholesale  from  the  Nanrias  and  other 
merchants  and  then  sell  bjr  retail  to  the  blacksmiths,  or  "  lobars."  Of  Indian  iron, 
the  varieties  are — the  "klieri,"  noted  above  ;  this  is  said  tcrbe  bronght  from  Hindus- 
tan, it  is  an  iron  of  unpromising  appearance,  but  exhibits  on  being  forged  its  superior 
quality  ;  it  is  much  employed  for  carpenters '  tools,  adzes,  &c,  and  occasionally  for 
swords.  It  values  about  4  seers  per  rupee ;  its  probable  origin  is  the  Jaipur  ter- 
ritory, 

**Faulad"  or  steel,  used  to  be  imported  from  Hindustan  for  the  manufacture  of 
armour,  shields,  &c. ;  at  the  present  day  when  the  manufacture  of  such  armour  is 
not  carried  on,  the  import  has  ceased,  the  steel  used  to  be  brought  in  <<  chaktis  " 
or  circular  disks,  about  |  of  an  inch  thick.  "  Guleri  "  iron,  which  is  sold  in  pigs,  and 
values  Rs.  6*12  per  mannd,  is  a  tenacious  iron  used  also  in  wire  drawing.  The  im- 
ported Indian  irons  are  brought  up  by  Naurias  to  H&tras  between  Aligarh  ''and 
Agra,  and  from  thence  taken  to  Amritsar,  which  is  the  Punjab  mart''  Of  Punjab 
iron,  the  ''bajauri,''  from  B^aur  north  of  Peshawar,  is  not  much  exported  to  the 
Central  Plain  districts,  though  it  was  formerly  for  the  purposes  of  gun  making. 
Bigauri  iron  is  still  largely  nsed  at  Euh&t  in  the  remarkable  process  of  their  gun 
barrel  making,  and  is  used  also  at  EMab&gh  and  other  places.  The  guns  and  cutlery 
made  at  Niz6mabad,  in  the  Gigranwala  district,  are  of  "  guleri ''  iron  or  of  "  asbat" 
European  steel  is  also  employed  for  cutlery. 

Barld  iron  is  brought  down  from  Suket  and  the  Mandi  mines,  it  values  Ks.  6-12 
to  7  a  maund,  and  finds  its  way  on  backs  of  mules  and  donkeys  to  Dinanagar  whence 
it  comes  to  Amritsar ;  it  is  probable  that  other  irons  of  the  Eangra  district  mines  are 
similarly  imported  under  this  name.  Attempts  have  been  made  by  individual  traders 
to  bring  down  the  iron  of  the  Ghamba  territory,  but  the  cost  of  T»rriage  is  too  great 
to  render  it  profitable,  and  it  is  seldom  imported. 

The  other  irons  of  the  bazar  are  European,  and  brought  from  Bombay ;  the  varieties 
are— 

The  ''  glaspatti,"  an  iron  sold  in  long  flat  bars  ;  it  is  used  for  making  tires  of 
wheels,  &c.    Value  Rs>  6-12  a  maund. 

<(  Qol  sinki"  thick  pieces  of  iron,  value  Rs.  7  a  mannd  { and  ahM>  ^  gol  kandla,''  a 
similar  irooi  but  in  thinntr  ban.   Valot  Ri.  8  a  mannd. 
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**  Ch&dar  '*,  or  sheet-iron,  value  at  Bs.  8  a  mannd,  is  employed  in  making  "  tavas  " 
large  iron  caaldrons,  &c. 

«  Chakor  sink  "  and  "  chakor  kandla  " — are  Tarieties  of  iron,  imported  in  long  rodsi 
15  feet  or  so,  abont  8  inches  broad  and  |-inch  thick,— this  sells  at  Bs.  9  a  mannd. 
When  the  rods  are  thin,  it  is  called  "  chakor  kandla  ",  and  fetches  Bs.  7  per  mannd. 

These  bars  are  stamped  with  a  European  trademark  when  of  the  first  qoalitj ;  these 
are  the  most  approved,  and  are  called  **  sacha  chakor  *\  (genuine,  **  chakor",)  and  fetch 
Bs.  9^.  If  these  bars  are  only  the  same  in  shape  without  the  stamp,  they  fetch  Bs. 
9  and  Bs.  7,  as  aboTCHnentioned. 

Another  yariety  is  **  asbat ",  a  hard  bnt  brittle  kind  of  steel,  selling  at  8i  seen  per 
rupee ;  it  is  imported  in  bars,  and  is  used  for  tools  on  account  of  its  hardness. 

A  kind  of  iron  is  sold  in  the  baiars  called  **  fill!  *\  being  sold  in  pieces  of  a  f  nai- 
form  shape,  tapering  at  each  end.    This  is  probably  a  hill  iron. 

Baniganffe, — ^Iron  is  also  found  in  considerable  quantities  in  the  Banigange  district, 
near  the  famous  coal  fields,  bnt  the  amount  of  sulphur  present  in  this  coal,  prevents 
its  being  satisfactorily  used  for  smelting  the  iron. 

177.  COFPEA.— The  fnd  used  for  smelting,  is  chaiooal  made  from  the  ex- 
tensiTe  forests  in  the  immediate  vicinity  of  the  mines  and  works  in  Landoo,  in 
Dalbhoom,  and  Singbhoom,  in  the  south-west  frontier  of  Bengal,  about  140  miles  from 
Calcutta. 

Gq>per  is  found  in  the  Gurgaon  and  Hissar  districts,  also  in  Kangra,  the  Salt 
range  and  Kashmir.  In  Hissar  the  ore  is  obtained  by  mining  the  hill  side ;  the 
work  is  carried  on  only  by  day,  and  then  with  the  aid  of  lamp  light.  Occasionally 
a  rush  of  water  causes  the  work  to  be  stopped,  and  as  there  is  no  mechanical  contri- 
vanoe  for  controlling  the  flood,  not  nnfrequently  the  particular  spot  has  to  be  abandoned 
altogether.  The  ore  obtained  from  the  nune  ia  broken  into  pieces  and  smelted  suffi- 
ciently to  make  it  cake ;  on  this,  wood  and  the  common  "  upla**  (dry  cow-dung)  of 
the  oountiy  are  heaped,  and  the  mass  set  on  fire.  The  process  of  extracting  the  metal 
is  similar  to  that  of  burning  lime  ;  the  copper,  contained  in  the  pulverised  and  caked 
mass,  percolates  throng^  the  calcined  refuse,  and  finally  forms  irregular  shaped  frag- 
ments at  the  base. 

-  178.  ^^« — Malacca, — Charcoal  made  from  the  Gomposs  tree,  is  theonly  descrip- 
tion of  fuel  employed,  A  funnel-shaped  blast  furnace,  6  feet  hi^  and  4  feet  diameter 
at  the  mottdi  is  used.  The  sides  of  tiie  trunk  and  funnel-hole  are  shaped  and  backed 
with  clay.  The  fused  matters  escape  from  the  cavity  and  fiow  continually  into  an 
exterior  reservoir,  hollowed  out  for  that  purpose,  from  which  the  liquid  metal  is  ladled 
out  into  moulds,  shaped  in  moist  sand.  The  trunk  is  filled  with  charcoal,  and  com- 
bustion is  accelerated  by  a  cylindrical  blowing  machine,  worked  by  vight  men.  Then 
the  whole  mass  is  brought  to  a  red  heat,  the  crude  ore  is  sprinkled  on  top  of  the  burn- 
ing embers  and  kept  constantly  fed,  by  successive  charges  of  charcoal  and  mineral. 
Each  charge  consists  of  30  piculs^f  washed  ore,  containing  from  46  to  60  per  cent, 
of  tin. 

Antimony  and  Lead  are  found  in  fleveral  districts  of  the  Pni^ab,  but  apparently  are 
not  mueh  worked. 
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CHAPTER     VI  I. 
PAINTS,    VABNISHE8,    &c. 

179.  Paints^— Paints  are  mixtures  of  certain  fixed  and  volatile  oils, 
chiefly  those  of  linseed  and  turpentine,  with  certain  metallic  salts  and 
oxides,  and  other  substances  used  either  as  pigments  or  etainera,  or  to 
give  a  body  to  the  paint,  and  to  improve  its  drying  properties. 

The  principal  materials  used  in  painting  sxe-^White  and  Bed  Lead, 
Bed  and  Yellow  Ochrey  Prussian  Blue^  Verdigris  (for  green  colour),  Lamp 
Blacky  Lithargey  Linseed  Oily  and  Turpentine.  The  charcoal  of  hahul  and 
some  other  woods,  very  finely  ground,  is  also  used  to  make  a  black  paint. 
Other  colours,  besides  those  directly  obtained  from  each  of  the  above- 
named  substances  used  alone,  are  made  by  their  combination  :  white  lead 
is  used  with  all  when  it  is  desired  to  lighten  the  colour ;  thus  a  lead 
colour  is  obtained  by  mixing  a  little  lamp  black  with  it. 

Indigo  and  yellow  ochre  are  sometimes  mixed  for  green  paint,  as  also 
chalk  and  copperas ;  but  paint  made  with  them,  though  answering  toler- 
ably well  for  interior  work,  falls  in  powder  when  exposed.  Mineral  paints 
are  the  most  durable. 

ISO.^'Litharge  is  a  preparation  of  lead,  obtained  from  the  film  formed 
on  the  surface  of  the  metal  when  in  a  state  of  fusion.  This  film  exposed  to 
heat  in  open  vessels  produces  a  yellow  substance,  used  as  a  paint,  and  call- 
ed massicot  (protoxide  of  lead) ;  and  this  partially  fused  with  charcoal,  is 
the  common  but  impure  litharge.  The  massicot  carefully  heated  without 
fasion,  changes  its  colour  and  becomes  red  lead  or  minium  (dutoxyde). 
White  lead  (carbonate)  is  made  from  the  crust  formed  on  the  surface  of 
cast  lead,  when  exposed  to  the  vapour  of  acetic  acid  or  vinegar.  Bed  and 
yellow  ochres  are  coloured  earths.  Prussian  blue  is  a  chemical  combination 
of  iron  with  the  compound  named  cyanogen  (which  messis producing  blue): 
it  is  prepared  by  a  long  process  which  it  is  needless  to  give  here.  Ver- 
digris is  produced  by  the  action  of  vegetable  acids  on  copper.  Lamp  black 
is  soot  collected  from  the  bonung  of  reainoua  a&d  oleaginous  matters. 
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Linked  oil,  having  the  property  of  drying,  is  the  oil  always  nsed.  It 
is  generally  boiled  with  the  addition  of  a  small  quantity  of  litharge  and 
sngar  of  lead,  and  it  more  particularly,  when  thus  prepared,  goes  by 
the  name  drying  oil.  Native  painters  use  a  preparation  of  linseed  oil 
with  aandarach;  this  resin  (called  sandrus  or  sundras,  also  kakruba) 
being  first  melted  over  a  strong  fire,  and  the  oil  then  added  till  the 
whole  is  of  a  semi-fluid  consistency  admitting  of  being  drawn  out  in 
threads.  In  this  state  it  is  kept,  and  with  further  additions  of  oil,  as 
required,  is  both  employed  as  a  yamish  and  mixed  with  colours  for 
painting. 

Turpentine  is  not  generally  used  for  external  or  finishing  coats,  as  it 
does  not  stand  exposure  so  well  as  oil :  it  is,  however,  so  used  with 
white  paint,  which  it  discolours  less  than  oil  does.  When  the  finishing 
coat  is  laid  on  with  turpentine  only,  the  work  is  said  to  he  flatted.  The 
turpentine  employed  in  painting  is  distilled  with  common  water,  by 
which  it  is  freed  from  resinous  matters,  and  is  called  oil,  or  eeeence,  or 
spirita  of  turpentine,  being  known  in  commerce  as  turps. 

White  zinc,  or  oxide  of  zinc,  is  in  use  as  a  substitute  for  white  lead« 
It  is  stated  in  Hunt's  Hand-Book  that  this  zinc- white,  <^  although  of  a 
beautifully  white  colour,  is  unfortunately  to  a  certain  degree,  trans- 
parent ;  and  it  is  stated  by  painters,  that  it  does  not  possess  the  cover- 
ing properties  or  the  body,  of  the  carbonate  of  lead.  Another  difficulty 
attending  the  use  of  zinc  paint,  arises  from  the  circumstance  that  it 
remains  on  the  wood  a  long  time  before  becoming  sufficiently  hardened 
to  admit  of  a  second  coat  being  laid  on ;  whilst  as  most  of  the  compounds 
sold  under  the  name  of  patent  dryers  contain  lead,  the  introduction  of 
this  substance  gives  it  the  property  of  becoming  black  when  exposed  to 
sulphuretted  hydrogen,  and  thus  entirely  destroys  one  of  its  most  value- 
able  characteristics.  This  arises  from  the  fact,  that  the  oxide  of  zinc 
will  not  combine  with  oil  to  form  a  plaster,  in  the  way  in  which  the  oxide 
of  lead  does.  It  la  much  to  be  wished  that  the  resources  of  modem 
chemistry  may  be  at  length  found  equal  to  the  removal  of  this  disad- 
vantage ;  as  from  the  baneful  influence  exerted  by  white  lead,  both  on 
the  persons  who  are  employed  in  its  manufacture,  and  on  the  painters 
by  whom  it  is  applied,  it  is  greatly  to  be  desired  that  some  good  and 
equally  cheap  substitute  for  this  substance  may  be  discovered." 

181.    The  first  thing  to  be  done  in  painter's  work  is  the  cleaning  and 
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gmoothing  of  the  surface  to  be  painted.  Before  painting  on  reBinona 
woods,  it  is  further  necessary  to  provide  against  the  defacement  of  the 
work  by  the  exudation  of  resin  from  the  knots.  To  effect  this,  red  lead 
mixed  with  size  is  generally  applied,  and  the  surface  is  afterwards  smooth- 
ed with  sand  paper  or  pumice-stone.  This  is  technically  called  killing  the 
knots.  For  fine  work,  knots  may  be  cut  out  to  the  depth  of  one-fourth 
of  an  inch,  and  pieces  of  the  same  wood  inserted,  simply  glued  in,  and  not 
compressed  ;  for  if  so,  they  might  afterwards  swell  and  spoil  the  surface. 
Holes  and  indentations  on  the  surface  are  filled  up  with  putty,  made  of 
whiting  and  linseed  oil.  This  is  done  after  the  application  of  the  first 
coat  of  paint.  Heads  of  nails  should  be  punched  in,  and  stopped,  with 
putty.  The  first  preparatory  coat  of  paint,  which  is  most  frequently  of 
white  lead  well  diluted  with  linseed  oil,  is  called  priming.  The  work 
should  be  well  rubbed  down  between  each  coat,  to  bring  it  to  an  even  sur« 
face,  with  pumice-stone  or  sand  paper.  Should  the  knots  be  apparent 
through  the  second  coat  they  must  be  eorered  with  silver  leaf. 

In  re-painting  old  wood-work,  it  should  first  be  scoured  with  soap  and 
water,  and  if  smoky  or  greasy,  lime-washed ;  when  dry  rub  down  as  above. 
Any  parts  of  the  paint  that  are  chipped  off  or  blistered  must  be  gradually 
brought  up  by  touching  them  8  or  4  times  with  colour,  then  re-paint. 
When  much  blistered,  it  is  necessary  to  get  rid  of  the  old  paint,  which  may 
be  quickly  done  by  applying  a  charcoal  fire-holder  or  brasier  near  to  it. 

Instead  of  paint,  wood-oil  (gurjan-tel)  is  sometimes  used.  It  is  a 
liquid  resin,  and  should  be  prepared  for  use  by  boiling  with  a  little 
dammer,  which  gives  it  a  polish  and  causes  it  to  dry  quicker,  but  the 
dammer  should  not  be  added  when  it  is  to  be  exposed. 

Wood-work  should  be  quite  dry,  as  also  stucco,  before  painting.  In 
terraced-roofs  this  must  be  carefully  looked  to. 

The  painter  is  generally  provided  with  one  or  more  assistants,  to  grind 
and  prepare  his  colours,  &c.  One  man  can  grind  about  15  chittacks  of 
red  ochre,  11  of  white  lead,  or  5  of  verdigris  per  diem. 

In  laying  on  the  colour,  the  brush  should  be  applied  at  right  angles 
to  the  face  of  the  work,  the  ends  of  the  hairs  only  touching  it.  The 
paint  is  thus  forced  into  the  pores  of  the  wood,  and  equally  distributed ; 
whereas,  if  the  brush  be  applied  obliquely,  the  paint  will  be  left  in  thick 
masses  where  it  is  first  applied.  In  India,  paint  brushes  are  made  from 
the  sinews  (tant)  of  cattle,  and  lime-wash  brushes  from  munj  or  hemp. 
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182.  Difltemperd— >The  colonring  of  plastered  and  whitewashed  walk 
may  be,  and  commonly  is  in  this  conntry,  laid  on  with  water  or  with 
water  and  size,  instead  of  oil ;  a  kind  of  painting  known  by  the  name 
distemper.  The  materials  chiefly  employed  for  this  purpose  are  red  and 
yeUow  ochrey  the  flowers  of  the  dhdk  tree,  the  red  earth  called  hirmzi, 
orpimerUj  indigOy  and  blue  vitriol  {nUa-tatya), 

The  dhdk  ^flowers  give  a  pink,  light  orange,  or  bnff  colour  not  very 
durable.  Orpiment  (hartal)  is  a  yellow  coloured  mineral,  a  compound 
of  sulphur  and  arsenic  found  in  a  crystalline  form  in  yarious  rocks.  There 
is  also  an  artiflcial  orpiment,  and  from  both  the  natural  and  the  artificial 
is  made  the  colour  commonly  known  by  the  name  of  king's  yellow.  Blue 
vitriol  is  a  sulphate  of  copper,  or  combination  of  copper  and  sulphuric 
acid,  generally  prepared  artificially,  but  sometimes  obtained  also  in  a 
fluid  state  in  copper  mines. 

Combinations  of  the  abore  colouring  materials  are  employed  to  pro- 
duce drab,  stone  colour,  &c.,  &c.,  and  the  depth  of  colour  is  reduced  at 
pleasure  by  the  addition  of  whitewash.  This  kind  of  colouring  work  is 
in  India  generally  performed  by  the  masons,  and  if  carefully  done, 
with  plenty  of  sizing,  looks  very  well. 

183.  The  following  description  refers  to  this  kind  of  work  as  executed 
in  Calcutta,  and  a  few  recipes  are  given  of  some  of  the  most  favourite 
colours  :— 

When  the  walls  are  rough,  and  not  lime  plastered,  they  are  to  be  CDamelled  with 

lime  plaster,  so  as  to  make  the  surface  smooth.    Then  thick  curd  or  ehhand  TsHl) 

ti|»  mixed  with  lime  water,  or  simply  milk  and  water  of  equal  proportions,  is  to  be 

washed  over  the  surface,  to  form  a  body  for  the  water  colouring. 

The  water  colour  to  be  mixed  with  half  milk  and  half  water,  with  white  of  eggs, 
and  pure  China  glue,  the  latter  previously  boiled  in  water  and  made  into  liquid.  The 
colour  so  prepared,  to  be  laid  carefully  on  the  walls,  in  one  coat,  with  an  English 
brush,  so  that  no  cut  shades  be  visible  on  the  walls. 

Labour  for  colouring,  about  2  annas  6  pie  per  100  superficial  feet. 

Ditto  for  flowers  in  the  comers,  &c.,  according  to  size  and  description,  from  1 
.anna  6  pie  to  8  annas  each. 

Ditto  for  border  or  lining  with  different  colours,  according  to  size  and  description, 
from  Bs.  1-4  to  1-12  per  running  foot 

184.  Varnish. — Is  a  solution  of  yarious  resinous  substances  in 
rapidly  drying  solvents. 
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Statewunt  thawing  rates  and  ingredienU  for  diffennt  deMcr^ptioni  of  mater  eoUmr- 
ing,  boTdertjfiomming^  ffc^for  100  super /idol  feet  qf  wail  eur/ace. 

8.    a     B8.  A.  p.    B&  A.  P. 

!  Whiting  powder,    ••        • 10  0  2  0 

Umber,  bomt,        0    0|  0  0  7} 

Chrome  yellow, 0    2  0  4  0 

Olae,  0    2  0  2  0 

Vermilioo,  Ghina,  i  tolab,  ••        ••  0  1  3    0    9 10| 


>j  (Wbitisg  powder, 
2<GlM, 


, 10       0    2    0 

0    2       0    2    0 


^  [Chiomeyollow, 0    2  0  4  0    0    8    0 

! Whiting  powder,    ••        ••        ••        ..  10  0  2  0 

Glue,           0    2  0  2  0 

Chrome  yellow,       0    2  0  4  0 

Yellow  ochie 0    1  0  0  10    8    1 

§*  I  WhitiDg  powder, 10  0  2  0 

<  French  green  powder,        0    4  0  10  0 

O  [Olne,           0    2  0  2  0    0  14    0 

f  Whiting  powder, 10  0  2  0 

MGlue,           0    2  0  2  0 

S  iBnmtunber,         ••        0    2  0  8  9 

n  (Meena,         0    8  7  8  0    7  16    9 

.  r  Whiting  powder, 10  0  2  0 

|/Glne,            0    2  0  2  0 

m  [Froauanblne,        ;.  0    2  0  8  0    0    7    0 


,  I  Whiting  powder, 
^  JGlue, 


10  0  2  0 

0    2  0  2  0 

g'^Meexia,         0    2  5  0  0 

Oi  (FmBBianblae,        0    2  0  8  0    5    7    0 


i  Whiting  powder, 10  0  2  0 

Glne 0    2  0  2  0 

Meena,        0    2  5  0  0 

Vermilion,  China,  ••       • 0    2  1  9  0   6  13   0 

H  ^     fWaterlime 10  0  0  6 

1 1 2^  \  Shell  lime, 0}  0  0  0  9 

^n  ^  <Stone  lime,  i  cubic  inch,  ••     \  •.  0  0  6 

S^  )EggS9  0ud,Bngar,pot8,flcafEolding,Aa,  0  19 

^      (Labonr,       0  4  8    0    8    0 
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It  is  applied  to  ornfimfintal  woods  and  to  painted  snrfacesi  to  protect 
them  against  injury  from  moistures,  &o.,  and  to  impart  a  clear  shining 
appearance.  On  a  surface  to  which  it  has  been  applied,  it  is  a  thin  coat 
of  hard  and  transparent  resinous  matter,  and  the  yamish  prepared  for  use 
is  this  resinous  matter  in  solution.  It  is  dissolved  in  alcohol  (spirits  of 
wine),  drying  oil,  or  turpentine,  which  dry  up  after  the  yamish  is  spread 
thin  over  an  extended  surface. 

The  following  compositions  make  approved  yamishes  :— 

Sandarach,       ••    ••    250  parts.  1  f  Anime  ream, 2  lbs. 

Mastic,      64    „  I  \lAihtag%      ••    ••     ••  1  oz. 

Elemireain,      ••    ••      82    ,,  W  Sogar  of  lead,      ••    ••  1    „ 

Tnrpentine,      ••    ••      64    „  I  JTorpentine,  • 5)  qta, 

Alooholy •  1000    „  j  (Liiiaeedoily  ••    ••    ••  8    „ 

Copal,       ••    ••    ••    800  parts.  I   r  Pale  shell  lac,     ••     ••    750    parts. 

Oil  of  tarpentine,    .f    500     „     > -j  Mastic,  ••   ,.     •«     ..      64      „ 
Linseed  oil,      ••    ••    200     „     I  '  Spirits  of  wine,  ••     ••  lOOO       „ 

These  are  carefully  boiled  and  strained.  The  linseed  oil  used  for  this 
purpose  is  prepared  as  a  drying  oU. 

Sandanichf  mastic,  elemif  aninU,  copal  and  lac^  are  substances  produced 
by  different  trees  :  the  first  obtained  from  Africa ;  the  second  from  the 
Grecian  islands ;  the  third  from  the  West  Indies ;  the  fourth  from  South 
America;  the  fifth  from  both  East  and  West  Indies ;  and  the  sixth  from 
the  Eastern  Islands  and  many  parts  of  Hindustan. 

A  kind  of  yamish  called  DhAna  has  been  obtained  from  the  sal 
tree. 

Lac  is  obtained  from  several  common  trees,  pipal,  dhak,  &c.  It 
exudes  from  the  punctures  made  by  a  little  insect  known  as  the  lac  insect. 
The  lac  as  thus  first  produced  on  the  branches  of  the  trees,  is  called  stick 
lac ;  the  same,  pounded  and  cleansed,  goes  by  thtfname  of  seed  lac ;  and 
this  again,  melted,  strained,  and  dropped  on  smooth  plantain  leaves,  forms  \ 

the  thin  sheet  of  purified  resin  known  as  aheJl  loo.  The  dried  dead 
bodies  of  the  insect  are  used  to  form  the  well  knows  scarlet  dye,  (Lac  or 
Lake,)  while  the  prepared  resinous  exudation  is  utilized  as  an  ingredient  in 
yamish  and  in  lacguery  which  is  the  name  particularly  applied  to  varnish 
made  of  lac,  with  the  addition  of  tarious  colouring  matters,  and  employed 
principally  for  metals. 


Pale  shell  laCy    ••    ••  1  lb. 

Gamboge,    ••     ••     ••  1  oz. 

Cape  aloes, 8   „ 

Akobol,     2  galla 
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Brass  Lacquer.  Qold  Laoqner. 

Pale  shell  lac,    ••    ••    fib. 
8andarach,         ••     ••  d|  lbs. 

Tnnneric, 1    lb. 

Gamboge, 2^  ois. 

Alcohol,      ..     ..     ..  2    galls. 

186.  Kastios^— Mastic  is  the  teim  applied  to  natxiral  and  artificial 
combinations  of  bitaminons  or  resinons  substances  with  other  ingredients. 
They  are  used  as  cements  to  other  materialsi  or  as  coatings  to, render 
them  impervions  to  water.  Artificial  mastics  have  been  formed  by  mix- 
ing Tegetable  tar,  pitchy  and  other  resinons  snbstances  with  litharge, 
powdered  briclc,  powdered  limestone,  &c.,  bnt  the  results  obtained  are 
generally  inferior  to  those  obtained  from  bitnminoas  mastic,  or  AtphaUe, 
which  is  a  natural  combination  and  is  used  for  pavements,  floors,  roofs, 
coTcring  walls  and  arches,  lining  tanks  and  drainB>  and  coyeiing  the 
ground  coarse  of  brickwork,  &c.,  to  prevent  the  rising  of  damp  in  walls. 
Natural  asphalte  consists  of  carbonate  of  lime  intimately  connected 
with  bitumen.  It  is  found  in  the  neighbourhood  of  the  Jura  mountains, 
and  is  melted  up  with  mineral  tar  so  as  to  form  a  compact  semi-elastic 
solid,  well  adapted  to  resist  the  efiects  of  moderate  heat  and  wet.  It 
is  laid  down  hot,  generally  oyer  fine  concrete,  and  detailed  instruotionB 
for  its  preparation  will  be  found  in  Vol.  II.,  under  the  head  of  Flooring. 

186.  Olaaing. — Olaeing  is  the  art  of  fixing  glass  in  the  frames  of 
windows.  It  is  secured  with  putty,  which  is  a  tough  tenacious  paste, 
consisting  of  whiting  and  linseed  oil,  much  improved  by  the  addition  of 
a  little  white-lead*  The  ingredients  should  be  well  beaten  together 
for  several  hours.  In  India,  putty  is  frequently  made  with  chalk,  resin 
(rdl)  and  linseed  oil.  Turpentine  oil  is  sometimes  mixed  with  these 
ingredients,  or  wholly  substituted  for  the  linseed  oil,  to  make  the  putty 
harden  quickly. 

Large  panes  of  glass  are  also  secured  with  small  nails  or  *^  sprigs." 

Glass  is  out  by  means  of  a  glazier's  diamond.  Care  should  be  taken 
to  bed  the  glass  to  be  cut,  on  a  soft  thick  yielding  substance,  which 
shall  accommodate  itself  to  any  inequalities  in  the  surface  of  the  pane, 
especially  with  panes  of  any  size.  A  straight  edge  is  applied,  and  the 
diamond  being  drawn  steadily  along  it,  a  smooth  fissure  or  superficial 
crack  is  made,  which  should  be  continued  without  interruption  from  one 
end  to  the  other  of  the  line  in  which  the  glass  ia  to  be  out.    The  sUlfol 
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workman  then  applies  a  small  force  solely  at  one  extremity  of  this  line, 
and  the  crack  which  he  forms  is  led  by  the  fissure  ahnost  with  certainty 
to  the  other  end. 

187.  Papering.— Booms  are  seldom  papered  in  India,  except*  in 
dwelling-houses  in  the  hills :  they  could  however  easQy  be  papered  in 
most  parts  of  the  country,  except  perhaps  in  a  damp  climate  like  that 
of  Bengal.  The  paste,  with  which  the  paper  is  attached,  should  be  made 
with  arsenic,  to  protect  the  paper  from  white-ants,  &c.,  and  of  a  thin 
consistency,  just  enough  only  being  applied  to  ensure  the  adhesion 
of  the  paper ;  otherwise  it  will  peel  off. 

One  principal  reason  for  adopting  distemper  for  interiors  of  Indian 
dwelling-houses,  in  preference  to  papering  them  is  the  comparatiye  ease 
and  economy  with  which  the  white  and  colour  washed  wall  can  be  peri- 
odically cleaned  and  recoloured,  a  measure  often  demanded  on  sanitary 
grounds.  As  now,  however,  a  washable  paper  has  been  introduced  into 
England  (by  the  Amaranth  Btaining  Company)  one  of  the  chief  objec-. 
lions  against  papering  interior  walls  in  India  is  removed.  The  surface 
of  this  new  material  is  non-absorbent,  while  it  has  the  same  dead  unpol- 
ished appearance  as  the  ordinary  paper  and  is  quite  as  cheap.  Soap 
and  water  washing  removes  every  form  of  disoolourationi  and  even  a  stiff 
brush  does  no  iiguzy  to  texture,  coIouTi  or  pattern. 


SECTION   II-EARTHWORK. 


188«  Thb  mere  digging  or  cutting  into  the  earth  is  so  common  and 
obyions  an  operation  that  it  may  seem  to  require  neither  skill  nor  expla- 
nation. This  however,  only  applies  to  small  and  ordinary  operations ;  for 
when  the  work  is  extensive,  as  in  the  formation  of  canals,  reservoirs, 
tnnnels,  and  the  like,  many  expedients  are  resorted  to  that  might  not 
occnr  to  common  workmen ;  they  have  arisen  out  of  experience,  and  are 
adopted  beicause  they  economise  labour  and  time,  and  consequently  dimi- 
nish the  expense  of  executing  the  work. 

In  many  countries,  the  mere  mode  of  executing  the  work  is  of  little 
or  no  importance  to  the  Engineer ;  his  duty  being  to  set  out  the  form 
of  the  work  according  to  the  plans  previously  prepared ;  and  to  see  that 
it  is  properly  executed.  The  reason  of  thijs  is,  that  workmen  may  fre- 
quently be  found,  who  will  contract  for  the  whole  business,  either  at  one 
specified  sum  of  money,  or  for  a  certain  price  per  cubic  yard,  whatever  the 
work  may  happen  to  measure ;  and  in  these  cases  such  workmen  hire  and 
pay  their  labourers,  find  all  the  necessary  tools  and  materials,  and  execute 
the  work  in  such  manner  as  they  believe  will  render  it  most  profitable  to 
themselves.  The  Engineer,  in  this  case,  has  no  care  or  trouble  about  the 
execution,  nor  should  he  interfere  in  it,  unless  he  perceives  something 
palpably  wrong. 

189.  The  usual  course  of  proceeding,  when  contractors  for  the  work 
can  be  obtained,  is  for  the  Engineer  to  prepare  his  map  or  plan  of  the 
country,  together  with  a  correct  profile  or  section,  to  scale,  of  the  intended 
work,  and  to  write  out  a  specification  explanatory  of  his  drawings  and 
plans,  stating  how  the  work  is  to  be  executed — where  the  spare  soil  is  to  be  ' 
deposited — when  the  work  is  to  commence — what  time  will  be  allowed  for 
its  completion— how  and  where  it  is  to  be  paid  for — what  penalty  is  ex- 
pected to  be  incurred  should  the  work  be  slighted,  neglected,  or  not 
finished  within  the  stated  time — ^wbether  the  contractor  is  to  be  kept  free 
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from  water,  shonld  springs  be  cut  in  the  progress  of  his  operations,  or 
whether  (as  it  is  technically  called)  he  is  to  bear  his  own  water-charges— 
and  any  other  particulars  necessary  to  be  known.    These  plans  and  parti- 
culars are  then  deposited  in  some  accessible  place,  as  near  as  possible  to 
where  the  work  is  to  be  performed,  or  in  a  neighbouring  town  or  city. 
Advertisements  are  then  inserted  in  newspapers,  or  otherwise  brought 
before  the  notice  of  the  public,  stating  that  certain  works  are  required  to 
be  done,  the  plans  and  particulars  of  which  are  deposited  for  inspection 
and  examination  at  a  certain  place,  from  some  specified  date  to  another ; 
and  inviting  all  persons  who  may  be  willing  to  contract  for  the  execu- 
tion of  such  work  to  inspect  the  plans,  or  the  ground  itself,  and  to  send 
in  sealed  tenders  to  a  certain  place,  on  or  before  a  certain  day ;  in  which 
they  are  to  state  the  price  and  conditions  upon  which  they  will  under- 
take the  performance  of  the  work.    These  tenders  are  opened  by  some 
authorized  person,  and  the  common  course  is  to  let,  or  give  the  work  to 
the  lowest  bidder.    Notwithstanding  this  is  the  usual  practice,  it  is  one 
that  ought  not  to  be  universally  adopted,  because  the  ability  of  the  con- 
tractor to  perform  the  work,  and  his  respectability,  ought  always  to  be 
enquired  into.    Many  instances  occur  in  which  parties,  from  the  hope  of 
gain,  will  put  in  tenders,  without  being  acquainted  with  the  nature  of 
the  work,  and  will  take  contracts  for  its  performance  at  prices  lower  than 
it  can  be  possibly  done  for,  although  they  perhaps  neither  possess  the 
necessary  implements,  or  capital  to  pay  their  men,  or  provide  what  is 
necessary  for  its  execution  ;  and  notwithstanding  they  may  give  sureties 
under  bond  for  the  due  p  erformance  of  what  they  undertake,  yet  when  they 
find  it  costs  more  than  they  are  to  receive  for  it,  or  that  their  operations 
are  so  unsatisfactory  to  the  Engineer,  that  he  will  not  pass  their  accounts 
for  payment,  abscond,  leaving  their  sureties  to  sufifer,  or  prove  that  they 
are  not  responsible.    The  Engineer  has  then  to  look  out  for  other  persons 
to  finish  his  work,  after  much  delay  and  vexation,  and  perhaps  can  only 
procure  them  at  very  advanced  prices.  The  Engineer,  from  his  knowledge 
and  experience,  ought  to  be  able  to  judge  of  the  value  of  what  he  means 
to  execute,  and  should^be  consulted  as  to  the  tenders  before  any  one  is 
accepted ;  and  he  ought  not  to  permit  any  tender  to  be  accepted  when  he 
knows  the  price  offered  is  such  a  one  as  will  not  allow  the  work  to  be 
executed  in  a  good  and  substantial  manner. 
To  form  a  specification,  however,  requires  a  sound  knowledge  of  the 
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tnbjeet  on  the  part  of  the  Engineer,  and  it  frequently  hi^peni  that  work 
may  have  to  be  executed  in  sitnations  where  contractors  cannot  be  obtain- 
ed, and  then  the  Engineer  has  to  provide  his  own  materialSi  engage  his 
own  hands,  and  direct  their  operations. 

190*  The  term  Earthwork  in  its  widest  sense,  comprehends  ezcaya- 
tion  in  rock,  as  well  as  in  the  looser  materials  of  the  earth's  crust.  It 
also  includes  embanking  and  puddling ;  but  the  formation  of  earthen  walls, 
or  what  is  termed  ''  Pise  work,"  belongs  rather  to  building,  and  ia  not 
considered  to  fall  under  this  head  of  Engineering. 

Earthwork  giyes  way  by  the  slipping  or  sliding  of  its  parfs  on  each 
other,  and  its  stability  arises  partly  from  the  friction  between  the  grainS| 
and  partly  from  their  mutual  adhesion.  The  latter  force,  although  con- 
siderable in  some  kinds  of  earth,  such  as  moist  clay,  is  not  to  be  trusted 
to  permanently,  as  it  is  gradually  destroyed  by  the  action  of  air  and 
moisture,  and  by  changes  of  weather,  especially  by  alternate  frost  and  thaw. 
The  temporary  additional  stability,  however,  produced  by  adhesion  is  use- 
ful in  the  execution  of  earthwork,  by  enabling  the  side  of  a  cutting  to 
stand  with  a  vertical  face  for  a  certain  depth  below  its  upper  edge.  That 
depth  is  greater,  the  greater  the  adhesion  of  the  earth,  as  compared  with 
its  weight ;  it  is  increased  by  a  moderate  degree  of  moisture,  but  dimi- 
nished by  excessive  wetness.    The  following  are  some  of  its  values :— 


0 

• 

Barth. 

Onateet  depth 
of  temponry 
▼ertical  f flee. 

Clean  diy  sand  and  grayel« 

Moist  sand  and  ordinaiy  snxface  mould,  from 

Ordinary  daj, 

0 

ato6&et 
10  to  16    „ 

It  is  on  account  of  this  temporary  stability,  that  the  sides  of  cuttings 
where  the  soil  is  undisturbed  in  its  natural  position,  are  generally  made 
with  a  higher  slope  than  would  be  given  to  the  same  earth  if  dug  out  and 
formed  into  an  embankment.  By  degrees  the  steep  slope  becomos  cover- 
ed with  grass,  &c.,  so  that  by  the  time  it  has  lost  its  natural  stability  other 
circumstances  help  to  keep  it  firm. 

191  •    The  permanent  stability  of  earth,  which  is  due  to  friction  alone. 
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Is  snffident  to  maintain  the  side  either  of  an  embankment  or  of  a  cntting 
at  a  uniform  slope,  whose  angle  to  the  horizon  is  the  angle  of  repose. 
This  is  called  the  natural  elope  of  the  earth,  and  is  the  lowest  slope,  which 
soil  thrown  down  freely  and  loosely,  tends  to  assmne  and  permanently  to 
retain.  The  tangent  of  the  angle  of  repose  is  the  co-efficient  of  friction 
of  the  soil ;  and  it  is  usual  to  describe  the  slope  of  earthwork  by  the  ratio 
of  its  horizontal  breadth  to  its  vertical  height,  that  is,  by  the  ratio  of  the 
radius  to  the  tangent  of  the  angle  the  slope  makes  with  the  horizon ;  the 
greater  this  ratio,  the  greater  the  slope.* 

The  following  are  the  observed  angles  of  repose  or  natural  slopes  of 
several  kinds  of  soil  :— 


Sartlu 


Angle  at 
r^poae. 


OnstomiTy  de- 

Blgnation  of 

natnnl  Blopo. 


Dry  sand,  clay  and  mixed  earth,  .  •  ito^'" 
Damp  clay,  ••.•••.. 
Wetclay, j^"" 

Shingle  and  gravel, I  to  °^ 

Pe-t. tto"" 


87*^ 
21« 

170 
14» 

14* 


1-33  to  1 
2-63  to  1 


1  to 

3-23  to 

4to 

•9  to 

1*43  to 

1  to 

4to 


I 
1 
1 
1 
1 
1 
1 


The  most  frequent  earth-slopes  are  those  called  1^  to  1  and  2  to  1,  (the 
latter  being  generally  for  depths  exceeding  85  feet),  corresponding  to 
angles  of  repose  33^'  and  26^",  nearly.  The  presence  of  a  small  amount 
of  moisture  in  the  earth  seems  slightly  to  increase  its  friction ;  but  any 
large  quantity  of  moisture  diminishes  it,  till  the  earth  is  reduced  to  a 
semi-fluid  state.  Hence  to  insure  frictional  stability,  provision  must  be 
made  for  draining  off  the  water  contained  in  the  earth. 

« In  describing  the  longitudinal  slope  of  a  road,  a  different  nsage  occasionally  prevails.  Where  a 
road  is  said  to  rise  1  in  20,  properly  speaking,  it  means  that  in  a  horizontal  lengthjof  20  feet  the  rise 
is  1  foot ;  and  in  designing  a  road  and  drawing  the  section  of  it,  soch  would  be  the  way  of  expressing 
the  slope.  But  as  it  is  usual  in  measuming  the  length  of  a  road,  unless  the  slope  be  very  great,  to 
lay  the  chain  along  the  ground,  whether  or  not  it  is  absolutely  horizontal,  a  rise  of  1  in  20  has  come 
to  mean  a  rise  of  1  foot  in  a  length  of  road  of  20  feet ;  that  is  the  slope  is  expressed  by  the  ratio  of 
the  sine  to  the  radius  of  the  angle  of  inclination.  This  is  not  strictly  correct :  but  it  saves  a  tedious 
calculation  of  the  horizontal  line  from  the  length  of  road  surface ;  and  after  all,  the  difference  in  this 
case  is  only  between  20  feet,  and  I9-W6  feet  {*.  e,  ^/400  -  1  foot)  or  i  inch ;  and  a  slope  of  1  in  20 
U  tar  fAoepdt  tbaa  la  usoally  met  with  in  a  flat  country. 
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192.  The  property  of  retftining  water  and  forming  a  paste  with  it 
belongs  specially  to  days,  which,  however  hard  when  first  dng,  gradually 
soften  and  disintegrate  by  the  action  of  the  weather,  and  lose  their 
frictional  stability.  Hence,  slopes  of  cuttings  through  stratified  days 
yary  from  2  to  1  to  8^  to  1.  Alternate  strata  of  clay  and  sand  are 
generally  considered  the  very  worst  for  excavation,  ^fi  the  sand  favours 
the  access  of  the  water  while  the  clay  prevents  its  escape. 

All  stratified  materials  occurring  in  layers  inclining  to  the  horizon 
in  the  same  direction  as  the  side  of  a  cutting,  are  liable  to  a  slipping 
of  one  stratum  on  another.  And  as  it  is  evident  that  when  strata  are 
not  horizontal,  if  a  cutting  be  made  through  them,  their  dip  must  on 
one  side  or  the  other  incline  towards  the  cutting,  it  follows  the  horizontal 
strata  are  the  most  favourable  for  excavation. 

Bocks  have  frequently  a  certain  permanent  cohesion ;  so  that,  when 
firm  and  sound,  a  cutting  may  be  carried  through  them  with  sides  ver- 
tical, or  nearly  so.  How  far  this  cohesion  is  to  be  depended  on,  is  a 
question  to  be  solved  rather  by  observation  of  the  rock  in  each  case, 
than  by  any  general  prindples  having  regard  to  its  geological  position, 
chemical  composition^  &c. ;  for  its  mechanical  properties  may  have  little 
connection  with  these.  Generally  speaking,  however,  the  cohesion  of 
igneous  rocks  such  as  granite,  trap,  quartz,  &c.,  if  they  are  not  much 
fissured  may  be  trusted,  and  they  may  be  left  standing  at  very  steep 
slopes.  Of  sedimentary  rocks,  sandstone  and  limestone,  whether  compact 
or  granular,  if  hard  enough  for  building  purposes,  will  stand  with  ver- 
tical or  nearly  vertical  faces.  Sandstone  exists,  however,  of  all  degrees 
of  hardness,  and  may  require  a  slope  as  great  as  1^  to  1 ;  while  chalk 
will  stand  at  from  ^  to  1  to  1^  to  1,  the  cohesion  of  the  upper  beds 
being  greater  than  that  of  the  ^ower.  All  argillaceous  rocks,  such  as 
shale,  must  be  treated  with  great  Gaution^  for  the  reasons  stated  in  the 
last  paragraph* 


CHAPTEE  VIII. 


MENSURATION  AND  BETTING  OUT/ 


198.  Mensoiation^— The  boTrndaries  of  a  piece  of  earthwork  in  ge- 
neral are  as  follows  :— 

I.  The  hose  or  formation,  DE,  in  Figs.  1,  2  and  8,  being  a  snrface, 
nearly  if  not  exactly  horizontal^  forming  the  bottom  of  a  cutting,  or 
the  top  of  an  embankment. 

II.  The  original  surface  of  the  ground,  AB,  forming  the  top  of  a 
cutting  or  the  bottom  of  an  embankment. 

III.  The  aide  or  slopes,  AD  and  BE,  connecting  the  base  with  the 
natural  surface ;  Figs.  1  and  2,  represent  sections  of  cuttings,  the  former 

Fig.  2. 


through  leyd  ground,  the  latter  through  ^'  side  long  ground."    1£  they 

be  turned  upside-down  they  will  represent  embankments.    Fig.  8  shows 

FHg.  8.t  a  piece  of  earthwork,  part  of  which, 

QEB,  is  in  cutting,  and  the  other  part, 
ADQ,  in  embankment.  C  is  a  point 
on  the  centre  line  of  the  base  of  the 
earthwork;    and  the  horizontal  dis- 


i^riT 


*  Ubfliof  the  fioimiilBln  this  olupfccr  an  teken  from  Bankiiie'f  OItU  SnginMring.  Vot  oqaa- 
tioni  (8),  (5)  and  (7),  I  asn  laMMi  ta  Rntign  Kaay,  Baad  ICaitor,  Uppv  BotoKdlnato  Claa» 
TtifiWMftti  OoIImBj 

f  In  aU  tlMN  flgBM  Df  anit  ba  aqiBal  to  Vli  lad  tiM  tf opal  ADf  8I|  noil  M  fht  M^ 
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tancety  AG  and  BO,  in  Fig.  1,  and  AM  and  BP,  Ftg$.  2  and  8,  are  termed 
halj-breadtha.  It  will  be  evident  that  only  in  Fig.  1,  is  0  in  the  centre, 
and  the  half-breadthe  in  reality  eqnal  to  each  other ;  for  although  the 
half-breadths  of  the  base  DF,  FE,  are  in  all  cases  equal  and  the  same, 
the  remaining  portions,  AL  and  BN  must  vary  with  the  slope  of  the 
ground,  and  must  be  determined  by  calculation. 

194.  SiDB  Widths.— For  this  purpose  the  following  formula  are 
giyen  :^ 

In  Figs.  1,  2  and  8,  let  the  central  depth  of  earthwork  CF  S9  A,  the 
half-breadth  of  the  base  DF  =  FE  =  5 ;  let «  to  1  be  the  slope  of  the 
earthwork,  that  is  the  ratio  of  horiaontal  feet  to  1  yertical  foot ;  r  to  1 
in  a  similar  way,  the  slope  of  the  side-long  ground ;  b'  =s  horizontal 
half-breadth  of  the  slope,  that  is  BN  on  the  upper  side,  and  AL  on  the 
lower. 

L    Then  in  Fig.  l— 

b'  ss  sA, (1). 

BOssb+Vssb+  «A, (2). 

II.    In  Figs.  2  and  8 — 

BPar  xPCa«x  PKs3»x  (PC  +  OF+FK) 

/.  PC(r  -  0  =  «(CF  +  PK)  =  »  (A  +  ^)  =6  +  t& 
...  PC  =  i±if,andB0«35PC»  + BP««  PC?+ r«PC» 

.%  Bc = PC  V(;Mn) = ^  vtmot («). 

irbich  gires  the  Mtoal  distaaee  to  be  laid  eff  firom  0  to  the  upper  edge 
of  the  entting. 

Also  BN»  (or  V*)  =  BH«  -  NH«  =  BIP  -  ^ 
.-.»'  =  J^i>,  and  BH  s  BO  -  OH.    Bat  OH*  t=  FB^  -  "* 


...  oHss  i^^Z+l  .•.  BH«»±i*  v'pq^  -  JL  VlTt 

and  the  half.tareadth  of  slope  V  as  (i^^  ^  ^)r 

«~(*  +  4)  (4). 

in  which  the  factor  (ft  4-  -^)  =  HE,  the  depth  of  earthwork  at  the  edge 
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of  the  base.     In  the  same  way  on  the  lower  side  of  a  catting^  or  the 
upper  side  of  an  embankment,  in  Fig.  2-— 

^c=7Try^+i". (5). 

and  AL  =  V  =:^  (h  -  4) (6), 

where  the  factor  fh  —  — ^  represents  the  depth  GD« 

■ 

When  the  groand  intersects  the  base  between  the  centre  line  and  the 
edge  of  the  earthwork,  as  at  Q  in  Fig.  8,  the  valaes  of  BC  and  BN  will 
be,  as  in  Fig.  2,  found  from  equations  (8)  and  (4). 

Al8oAC  =  4-:^yr'+l (7), 

andAL  =  y=;:^^(-i-A) (8), 

where  (-^  ~  ^  )  represents  the  height  of  the  earthwork,  GD. 

The  horizontal  distance  FQ  =  rA, (9). 

'  It  is  evident  that  the  above  formula  can  be  applied  to  cases  in  which 
the  slope  of  the  earthwork  and  of  the  natural  surface  of  the  ground  is 
different  on  the  two  sides  of  the  centre  line,  as  well  as  to  those  in  which 
they  are  the  same.  The  distances  AC  and  BC  must  be  known  to  the 
person  who  actually  lays  out  the  work,  while  BN  and  AL  are  necessary 
for  the  calculation  of  its  volume. 

1 96.  Section  Abbas. — From  the  same  data  as  are  required  to  com- 
pute the  breadths  of  the  slopes,  we  may  calculate  the  area  of  the  cross- 
section.  Using  the  same  letters  as  before,  and  supposing  S  in  each  case 
to  denote  the  area  required  : — 

When  the  ground  is  level  across,  as  in  Fig.  1 — 

S  =  FC.GB  =  A(2ft  +  y)  =  2ftA+«A«, (10). 

When  the  ground  has  an  uniform  side-long  slope  not  intersecting  the 
base,  as  in  Pig.  2 — 

S  a  area  of  trapezoid  GDEH  +  triangle  BHE  +  triangle  AGD. 

or=i*:±|.^tJ^. ; („). 


•  • 
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The  same  qnantity  may  also  be  expressed  in  the  following  manner, 
considering  its  area  as  the  difference  of  the  triangles  ABE,  DER. 

S  =  ^%(h  +  i-/  -  4, (12). 

This  is  a  convenient  formnla  for  use  in  connection  with  a  table  of 
squares. 

When  the  ground  intersects  the  base,  as  in  Fig.  3— 
Here  the  cross^section  consists  of  two  similar  triangles,  QBE  and 
QAD,  one  in  cutting,  the  other  in  embankment.  Then  QBE  will  be 
greater  or  less  than  QAD,  according  as  Q  is  to  the  left  or  right  of  C, 
the  centre  point.  When  Q,  G,  and  F,  coincide,  the  triangles  are  equal, 
and  the  excayation  is  equal  to  the  embankment.  Let  the  area  of  QBB, 
the  greater  of  the  two  as  in  the  present  case  =s  8' ;  the  area  of  QAD, 
the  less  =  S'' 

Tlip«  q'  -  (BP  +  FQ)EH  _  (b  +  rhy  . 

^^  _  (AM-FQ)  DG  _  ih^rhy 

197.  YoLUMBs. — With  the  data  obtained  in  the  last  two  paragraphs, 
we  have  to  calculate  the  volumes  or  quantities  of  earthwork  in  any 
given  excavation  or  embankment. 

Let  I  =  length  of  the  portion  of  earthwork  of  which  the  volume  V 
is  required. 

I.  When  two  cross-sections  8,  and  8,  are  given,  and  the  length  be- 
tween them,  and  when  8,  and  8,  are  very  nearly  equal,  but  not  othennse'^ 

V  =  .5l+52.x/,  •... (15). 

IL  When  three  equidistant  cross-sections  8„  8„  8,  are  given,  and 
whole  length,  then — 

V  =  5L±iM:22  X  /, (16). 

III.  When  the  length  /  and  two  cross- sections  8,  and  8,  only  are 
given,  the  area  of  an  assumed  cross-section  8,  may  be  found  approximately, 
by  considering  the  central  depth  as  a  mean  between  the  two  end  depths 

f-^ —  =  V)  and  the  side-long  slope  of  the  ground  as  a  harmonic  mean 

between  the  two  end  slopes  (7V-7  =  **')•     Equation  (16)  may  then  be 

used ;  and  the  result  will  be  found  to  be  closer  than  what  could  be  ob- 
tained from  equation  (15). 
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IV.  When  the  ground  ie  leyel  aeroee,  this  Iftst  process  gires  the 
following  result ;  h  snd  A',  heing  the  depths  at  the  two  ends— 

V  s  I  {*Ji±£>  +  «*!.±Ml±£!  I (17), 

or  V  =  I  {  *i4^  +  ,  [<±HQ-  ^  (^.*Z]  J (13). 

A  formnia  conyenient  for  use  in  connection  with  a  table  of  squares. 
y.    When  an  even  number  (m)  of  equidistant  cross-sections  8,,  St,  S^ 
8^, 8a,  are  given,  and  d  the  distance  between  each,  then^ 

V  =  d(|j  +  S,+  S,  +  S.  + +^) (20). 

VI.  Lastly,  when  an  odd  number  (n)  of  equidistant  cross-sections  8^, 
8„  8„ 8a,  are  giyen,  and  d  the  distance  between  each,  then— 

V  =  f  (8,  +  48,  +  2 8,  +  4  8,  +  ...  2 8.-,  +  48..,  +  8.).. (21). 

The  term  ''  Prismoidal  formula",  is  applied  to  both  the  equations  (16) 
and  (17),  which  alone  are  strictly  accurate.  If  an  Engineer  required  to 
obtain  approximately  and  quickly  the  quantities  of  cutting  and  embank- 
ment in  altematiye  lines  or  sections  of  a  road  or  canal,  he  might  ad- 
yantageously  use  equations  (20)  or  (21)  :  bat  it  must  be  remembered 
that  they  are  but  approximations,  and  in  tbe  case  of  constantly  shifting 
gradients,  or  naturally  uneyen  ground  might  giye  yery  inaccarate  re- 
sults. For  a  thoroughly  correct,  final,  estimate,  the  prismoidal  formula 
should  be  used. 

1 98.  The  following  example  will  serye  to  show  how  the  aboye  formulas 
are  applied. 

Let  ABCD,  be  a  piece  of  road  on  which  the  sections  8,,  8„  &c.,  are 


at  equal  distances  of  500  feet  each.  From  8,  to  8,  the  road  is  entirely 
in  digging,  beyond  that  point  it  is  partly  in  embankment ;  8^  representing 
a  section  of  the  embanked  portion  at  the  line  BC ;  at  8,  the  ground  is  leyel 
across ;  at  all  the  other  sections  it  is  side-long.  Let  b  the  half*breadth  be 
20  feet,  and  e  the  slope  of  the  earthwork,  be  1  to  1  throughout. 

Let  the  central  depths  at  8,,  8,,  8,  and  8,,  be  10,  6,  2  and  1  foot. 
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respeotiyelyi  and  the  natural  slope  of  the  side-long  ground  at  Sp  S„ 
and  B^,  be  70  to  1^  10  to  1,  and  7  to  1,  respectiyely. 

I.  Then  at  8,,  the  horizontal  half-breadths  of  the  side-slopes  are 
(equations  4  and  5). 

V  =  ^(10  +  -^)  =  10-48  feet  on  the  side  A, 

and  V  =  ^(10  -  ^^  =  9-6  feet  nearly,  on  the  side  D, 

and  the  area  S,  (equation  11) 

_(lX400)  +  (2X4900X20x  10) +  (4900  X  1  X  10) 
""  4900-1 

=  500  square  feet  nearly ;  (equation  12) 

s« = 1S=-1  {^^ +-?-)'-  T = ^^  "^""o  ^^^  °*'"'y- 

At  S,  we  haye  (equation  1) 
h*  =  6,  the  horizontal  half-breadth  of  the  side-slopes,  and  (equation  10). 
S,  =  (2  X  20  X  6)  -Kl  X  86)  =  276  square  feet. 

At  S^,  in  like  manner,  we  have  (equations  4,  6  and  11) 

V  =  4*4  feet  on  the  upper  side,  and  ^  =  0  on  the  lower  side.  And 
8,  =  88*8  square  feet. 

For  the  two  sections  on  the  line  BC,  we  haye  for  the  half-breadth  of 
the  ezcayated  slope  (equation  4)  V  ==  4*5  feet ;  and  the  half-breadth 
of  the  embanked  slope  (equation  8)  5  ss  2*2  feet  nearly. 

Also  (equation  18)  8,  =  ^^^^  =  6^*75  square  feet. 

(20  —  7^' 

And  (equation  14)  8^  =    ^     ^    =  14*08  square  feet. 

199.  It.  Haying  calculated  the  areas  of  the  cross-sections  8^  8^ 
8„  8^,  and  8^  we  may  find  the  whole  quantities  of  earthwork. 

To  find  the  yolume  of  the  excayation  from  8^  to  8s,  the  true  content 
will  be  (equation  16) 

If  we  calculate  the  same  yalue  by  equation  (15)  taking  the  sums  of 
the  yolumes  from  8^  to  8„  and  from  8,  to  8„  we  should  haye— 

V  =  ?22L+iI5  X  500  +  ^^-^^^-^  X  600  =  285222  cubic  feet,  an 

error  in  excess  of  aboye  3000  cubic  feet.     Or,  if  we  had  only  the  two 
sections   8,  and  8,  giyen  us,  and  we  wished  to  find  the  yolume  by 
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asBuming  S^  by  ihe  method  shown  in  IIL,  para.  197,  we  should  have  h^ 
=  ^— =6feet,  which  is  correct,  and  r^  =  ^""^  "^=  -  lil^  = 

-25. 

The  negatire  sign  being  here  used  as  one  slope  is  directly  in  the  oppo- 
site direction  to  the  other ;  and  the  mean  slope  going  with  that  which  is 
steepest,  that  is,  with  the  one  in  which  r  is  less.  From  the  above  data 
we  should  find  (equation  11)  S,  =s  276-50  square  feet,  only  half  a  square 
foot  greater  than  the  real  area,  and  from  this  calculation  we  should  have — 

y  s  282481*8  cubic  feet,  an  error  in  excess  of  only  888*8  cubic  feet. 

In  measuring  the  ground  between  S,  and  the  line  BC,  we  must  take  it 
in  two  portions,  as  it  is  partly  in  embankment  and  partly  in  excavation. 

The  embanked  portion  is  merely  a  triangular  pyramid  having  for  its 
base  8„  and  its  height  the  distance  between  S,  and  8,  s  500  feet;  its  con- 
tent therefore  will  be  ~  x  S.  =  ?59  x  U-08  =  2847  cubic  feet. 

The  excavated  portion,  which  is  a  prismoid,  may  be- found  in  several 
ways,  of  which  the  most  accurate  would  be  to  assume  an  intermediate 
section  in  the  manner  shown  above. 

The  volume  of  excavation  thus  obtained  would  be  31-749  cubic  feet. 

Equation  1 5  could  not  with  any  accuracy  be  applied  for  finding  this 
volume,  as  the  cross-sections  S,  and  8^  differ  so-largely ;  it  would  give  an 
error  in  excess  of  more  than  5000  cubic  feet.  Nor  would  it  give  an  accu- 
rate result  to  find  the  whole  volume  from  8,  to  8^  by  equation  19,  and 
then  to  deduct  the  portion  8i  to  8,  already  found.  For  that  formula  is 
only  applicable  to  a  single  prismoid,  such  as  the  volume  is  from  8^  to  8, ; 
and  the  whole  volume  from  8,  to  8^  is  made  up  of  two  distinct  prismoids. 
From8,to8,therei3onecommonhalf-breadthof  20feet,  but  from  8,  to  8^ 
this  half-breadth  keeps  diminishing  from  20  to  18*5  feet,  as  may  be  found 
by  calculation.    8o  that  the  figures  are  in  no  way  similar  to  each  other. 

To  facilitate  calculation  of  earthwork,  many  books  of  tables  have  been 
published,  such  as  8ir  John  MacneiU's,  Bidder's,  Bashforth's,  and  others, 
generally  depending  on  some  one  or  other  of  the  formulie  given  in 
this  Chapter. 

200.  Setting  oat.— •In  all  cases  whether  contractors  are  employed  or 
not,  the  Engineer  is  expected  to  set  out  his  own  work  upon  the  ground  for 
execution ;  so  that  the  responsibility  of  its  form  or  shape  rests  upon  himself. 
This  setting  out  is  performed  by  driving  stakes  at  the  comers  or  angles,  and 
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ANATION. 

J  trapezoidal  solid  whose  length  is  100  feet,  width  1  foot,  and  whose  depths 

amns  $  and  are  intended  to  be  applied  to  the  central  part  of  any  cutting  ex- 

to  1  slopes  whose  heights  are  shown  as  before. 

Tables  : 

ss  height  in  the  left  hand  vertical  oolamn,  and  refer  to  the  intersection  of  the 

base  of  the  cutting  and  the  red  Bgnres  by  the  ratio  of  the  slopes,  and  the 

EXAMPLE. 

potion  is  represented  by  Fiff»  1,  and  cross  section  by  Fig.'  3. 
X7  i  ^^^  >  which  insert  la  the  colamns  a  and  b  of  the  following  scheme;  at  the  in- 
iBsert  as  before,  and  eo  on  to  the  end.    Then  multiply  the  snm  of  the  numbers  in 
the  ratio  of  the  alopesi  and  the  sum  of  those  products  will  be  the  required  contents. 


16 
15 


14 


13 


12 


11 


10 


Edgliti. 

a. 

». 

01 
14) 

700 

6588 

17  f 

1550 

24100 

17 
30 

1850 

84800 

20i 
16  r 

1750 

80888 

16i 

lor 

1750 

80888 

10. 
6/ 

750 

5888 

or 

250 

888 

Totals, 

8100 

118265 

8100  X  80  =  248000  =  content  of  centre. 
118265  X  14  =  177897  =         „  slopes. 

420897  =  total  content 

The  51ope  Table  is  used  for  finding  the  areas  of  slopes,  the  figures  in 
column  R  being  the  ratio  of  the  slope. 

To  find  the  area  of  the  slopes  of  a  cutting  or  embankment,  multiply  the 
total  of  column  a  bv  the  tobular  number  (N)  corresponding  to  the  slope 
r*tio,  and  double  the  product  will  be  the  area  of  both  slopes. 


BXAMPLB. 
10000  X  1*8  X  3  s  86000  required  area. 
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B. 

K. 

IHtt 

IMO 

\tb 

141 

1-80 

SS3 

J70 

3-16 

8*64 

4  It 

4ei 

6*09 

e^os 

loth  to  fold  up,  Rs.  14-0.) 
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straining  a  line  or  cord  from  one  stake  to  the  other,  to  obtain  right  lines, 
which  are  afterwards  marked  by  pegs  or  small  stakes  driven  close  to  the 
line,  before  it  is  taken  up  to  set  out  another  length.  Or,  what  is  mnch 
better,  the  line  may  be  marked  either  throughout  its  own  length,  or  at 
regular  intervals  by  "  nicking  out",  or  by  what  in  India  is  called  makmg  a 
ddghhelf  which  consists  in  notching  the  ground  along  the  line  by  means  of 
aphdordf  to  a  depth  depending  on  the  nature  of  the  soil,  the  notch  being 
less  easily  obliterated  in  hard,  than  in  soft,  soil. 

When  a  square  or  right-angle  has  to  be  set  out  on  the  ground,  as  in 
digging  the  foandations  for  square  buildings,  or  for  forming  square  ponds 
or  reservoirs,  it  may  be  done  by  the  surveyor's  cross,  or  by  a  theodolitei 
first  directed  to  a  picket-stafif  placed  in  the  direction  of  one  line  or 
side,  and  then  on  turning  the  instrument  a  quarter  round  or  90°,  the 
position  of  a  second  staff  will  be  obtained ;  and  the  vertex  of  the  angle 
will  be  at  that  point  indicated  by  a  plummet  let  fall  from  the  centre  of 
the  instrument.  The  most  usual  method,  however,  of  setting  out  right- 
angles  on  the  ground,  is  by  an  instrument  usually  possessed  by  workmen, 
or  if  not,  that  is  easily  made,  called  a  ground  square.  It  is  merely  two 
straight-edged  strips  of  board  about  five  or  six  feet  long,  the  two  ends  of 
which  are  so  united  together  as  to  form  a  right-angle,  (as  in  figure,)  and 
they  are  held  in  the  position  by  another  similar  strip  nailed  diagonally 


0 

f 


upon  the  other  two.  To 
use  such  a  square  for  set- 
ting out  a  right-angle, 
strain  a  line  ab  in  the 
direction  of  one  of  the 
required  sides.  Fix  the 
point  where  the  right- 
angle  is  to  occur  in  that  line,  by  driving  a  stake  as  at  c,  and  fix  another 
line  to  it.  Then  apply  one  side  of  the  square  close  to,  or  parallel  to  the 
first  line,  letting  the  point  of  the  square  coincide  with  the  stake ;  strain 
the  other  line  close  to  the  other  side  of  the  square,  and  fix  its  end  to  a 
stake  c^;  then  reverse  the  instrument,  and  if  the  lines  coincide,  the  square 
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may  be  remoTed,  and  the  right-angle  indicated,  may  be  marked  on  the 
ground.  If  otherwise,  divide  the  angle  formed  by  the  two  linesy  and  the 
line  80  dividing  it  will  be  the  perpendicular  required.  If  a  number  of 
other  angles,  differing  from  right-angles,  have  to  be  set  out  for  short  dis- 
tances, similar  implements  to  that  described,  may  be  made  for  the  pur- 
pose; but  this  will  be  unnecessary,  unless  they  are  numerous.  In 
general,  however,  all  angles  that  differ  from  right-angles,  are  set  out 
by  the  theodolite.  Perpendionlars  to  any  given  line  may  also  be  set 
out  on  the  ground  by  most  of  the  problems  by  which  they  can  be  drawn 
on  paper,  using  a  measuring  chain,  tape,  or  knotted  cord,  in  the  place 
of  compasses. 

801 .  CVn^re  Ztfi^.— In  setting  out  a  piece  of  earthwork  such  as  a  road 
or  canal,  the  first  thing  laid  down  is  the  centre  line.  Pegs  should  be 
driven  along  it  at  intervals  of  from  200  to  50  feet  apart,  according  as 
the  country  is  level  or  hilly ;  the  heads  of  these  pegs  should  be  flush 
with  the  ground,  and  the  levelling  staves  should  be  placed  upon  them  in 
levelling  the  centre  line,  which  is  the  next  thing  to  be  done.  To  estimate 
the  depth  of  excavation  or  the  height  of  embankment  required  at  each 
peg,  a  longitudinal  section  of  the  central  line  must  be  plotted  on  paper ; 
and  the  ybrmolum  lirUf  that  is,  the  surface  line  of  the  earthwork,  to  be 
executed,  such  as  the  surface  of  a  road  or  the  bed  of  a  canal,  must  be 
drawn  on  this  section.  A  little  calculation  will  then  show  how  many 
feet  above  or  below  the  ground,  the  formation  line  will  be  at  each 
peg.  Having  obtained  this  depth  the  half-breadths  may  either  be  cal- 
culated from  the  formulie  in  para.  194 ;  or  they  may  be  found  as  follows. 

203.  To  set  out  Side  Widthe. — The  formuln  given  above  for  finding 
the  side  widths  of  any  embankment  or  cutting,  though  usefiil  in  office  cal- 
culations, would  not  be  generally  applicable  in  actually  setting  out  either 
a  Railway  or  Canal,  for  the  two  following  reasons—- 1st,  That  ground  is 
seldom  found  to  fall  with  so  regular  a  slope  as  to  allow  the  formula  to  be 
used,  since  the  least  deviation  from  the  slope  that  has  been  assumed,  such 
as  a  hillock  or  mound,  will  throw  the  widths  out ;  2ndly,  That  as  cross- 
sections  at  each  chain  stump  must  be  taken  in  order  to  find  the  slope  (r  in 
the  formula),  it  is  easier  to  plot  the  section,  and  take  the  side  widths  off 
by  scale,  than  to  investigate  them  mathematically. 

There  are  two  methods  usually  adopted  in  practice,  their  use  depending 
a  good  deal  on  the  nature  of  the  ground.    If  the  slope  be  so  abrupt  or 
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wooded,  that  one  or  two  settings-np  of  the  level  will  not  cenunand  ih9 
whole  length  of  the  cross-section,  it  is  perhaps  easier  to  take  the  cross- 
sections  as  best  one  can,  and  after  plotting  them,  to  take  the  side  widths 
off  by  scale,  and  lay  them  down  in  a  second  operation  on  the  field.  But 
in  any  moderately  level  ground,  the  following  method  will  be  found  by 
far  the  easier,  inyolving  as  it  does  but  one  operation,  and  giving  results 
as  correct  as  the  nature  of  the  case  admits. 
Let  the  line  EH  represent  the  natural  surface  of  the  ground  at  the 

cross-section;  it  will  readily  be  perceiv- 
ed that  the  real  half-width  CF  is  much 
shorter  than  the  horizontal  or  computed 
half- width  AC,  because  the  ground. is 
depressed  on  that  side;  and  the  half- 
width  GI  on  the  other  side,  greater^  the 
ground  there  being  elevated.  The  problem  is  to  determine  exactly  the 
distances  CF  and  GI.  First  let  us  suppose  the  point  E,  or  the  distance 
CP,  to  be  known,  and  that  with  a  level  we  determine  the  difference  of 
level  between  the  points  G  and  E,  (t. «.,  the  line  FB) ;  then  we  have  a 
small  right-angled  triangle  AEF,  of  winch  £F  is  determined,  being  thq 
difference  of  level,  and  the  ratio  of  AF  to  FE  is  known ;  therefore  the 
side  AF  is  known,  which  subtracted  from  the  computed  half-width  AC| 
gives  GF,  the  required  distance. 

SOS.  However,  we  have  been  supposing  that  the  point  E  is  known, 
wheroas  that  point  is  the  object  of  our  search ;  in  practice  therefore  we 
proceed  thus :— - 

Take  the  computed  half-breadth,  and  if  the  ground  is  depressed,  let  a 
levelling  staff  be  held  somewhat  nearer  the  centre  line  than  the  con^>uted 
half-width  for  an  approximation  to  the  point  E :  then  determine  the  dif- 
ference of  level  between  this  assumed  point  and  the  centre  point  C ;  multi- 
ply this  difference  of  level  by  the  ratio  of  the  slopes,  and  subtract  the 
result  from  the  computed  half-width.  If  the  remainder  be  equal  to  the 
distance  of  the  staff  from  the  centre  line,  our  assumed  point  is  correct  ^ 
but  if  not,  the  operation  must  be  repeated  till  the  two  agree,  or  very 
nearly;  remembering  in  our  present  case  of  depressed  ground,  that  if 
the  remainder  is  greater  than  the  distance  of  our  staff  to  the  centre  line, 
the  staff  has  been  held  too  near ;  and  vice  vend. 

For  example,  suppose  depth  of  cutting  to  be  20  feet,  slopes  2  to  1,  base 
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36  feety  and  therefore  the  computed  half-width  CA,  58  feet ;  the  ground 
being  depressed,  we  estimated  that  the  point  E  might  fall  short  of  the 
computed  half-width  2  feet ;  we  therefore  directed  levelling  staff  to  he  held 
at  56  feet  from  the  centre  stump  G,  at  which  point  another  staff  was  held, 
and  by  means  of  a  level  set  up  at  a  convenient  distance,  we  found  the  dif- 
ference  of  level  between  these  points  to  be  0*37  feet,  which  multiplied  by 
the  ratio  of  slopes  2  to  1,  gave  1*74  to  be  subtracted  from  the  computed 
half-width  58  feet,  giving  a  remainder  56*26  feet,  which  differs  0*26  from 
our  trial  distance.  This  remainder  being  greater,  the  staff  was  directed 
to  be  held  a  little  further  out  at  56*20  feet  from  the  centre,  and  the 
difference  of  level  was  again  taken,  (or  rather  we  should  say  the  staff 
was  again  read  off,  as  the  level  had  not  been  disturbed,)  and  found  to 
be  0*91,  whiqh  multiplied  by  the  ratio  of  the  slopes  gave  1*82  to  be  sub. 
tracted  from  58  feet,  leaving  56*18  for  the  second  approximation,  which 
differing  only  0*02  from  the  trial  distance,  was  adopted  as  the  correct  half- 
width  for  the  depressed  side. 

When  the  ground  is  elevated  above  the  horizontal  line,  as  shown  in  the 
right  side  of  the  figure,  the  mode  of  operation  will  be  precisely  the  samey 
except  that,  instead  of  holding  the  staff  at  a  less  distance  than  the  com- 
puted half- width,  it  must  be  held  at  a  greater  distance  to  get  the  point  H 
by  approximation. 
804.    In  the  case  of  an  embankment,  the  real  half-widths  being  less  on 

the  elevated  side,  and  greater  on  the 
depressed  side  than  the  computed  half- 
widths,  we  must,  in  the  former  ease 
have  the  staff  held  at  a  less  distance, 
and  in  the  latter,  held  at  a  greater  dis- 
tance, from  the  centre,  than  the  said 
computed  half- widths,  in  order  to  get  an  approximation  to  H  and  E ;  in 
all  other  respects,  the  operation  is  exactly  the*  same. 

The  process  above  described  may  appear  to  the  reader  a  very  tedious 
one ;  it  perhaps  is  so  to  read,  but  a  little  practice  will  convince  him  that  it 
is  a  very  expeditious  method,  for  in  most  cases,  one  setting  up  of  the  level 
will  answer  for  several  stations,  and  the  multiplications  by  the  ratio  of  the 
slopes,  upon  such  small  numbers  as  mostly  occur,  are  easily  performed, 
especially  if  it  be  an  even  number,  such  as  2  to  1,  3  to  1,  &c. 

The  columns  of  the  field-book  may  be  arranged  as  in  the  following 
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example,  for  making  the  calculations  in  the  tield^  or  may  be  abridged  at 
pleasure  :— 


o  . 


I 


II 


f 


Level  Readings. 


Diffeteiioe  + 


or  -. 


Difference  rsUo 
of  elope  +  or  -. 


Left. 


Genlre. 


Bight. 


Left. 


Right. 


Reqoired 
half-wldtii. 


Left. 


Right. 


Left. 


Right. 


21 


16OT 


51*94 


8-96 


7*50 


10*90 


-3'64 


+8-401  -7*08 


+6*80 


44*86 


58*74 


206.  The  most  convenient  instrument,  not  only  for  setting  out  road 
or  canal  work,  but  for  measuring  it  when  finished  or  in  progresSi  is  the 
rolling  pocket  tape ;  which,  for  this  purpose  should  be  divided  into  feet 
and  inches  on  one  side,  and  into  yards  divided  into  hundredths,  and  num- 
bered at  every  tenth  division,  on  the  other.  Such  tapes  are  fitted  up  in 
leather  cases,  with  a  brass  winch  to  wind  them  by,  and  a  ring  to  pass  the 
finger  through  and  hold  the  tape  at  its  extreme  end.  The  ring  counts 
into  the  measurement,  and  in  using  the  tape  the  Engineer  should  retain 
the  box  in  his  hand,  and  give  the  ring  to  his  assistant  to  hold  against  the 
point  to  be  measured  from,  by  which  means  he  has  the  figures  that  give 
the  result  of  the  measurement  constantly  under  his  eye.  The  measuring 
tape  is  a  most  useful  implement  to  the  Engineer  in  many  of  his  opera- 
tions, and  as  the  tape  soon  wears  out  by  use  while  the  leather  box  and 
winch  are  durable,  every  Engineer  should  know  how  to  prepare  his  own 
tapes  for  renewal.  The  best  and  strongest  thread  tape  (not  cotton) 
should  be  procured,  half  or  five-eighths  of  an  inch  wide.  This  should  be 
tightly  stretched  in  long  lengths  between  poles  in  the  open  air,  in  which 
position  it  is  painted  on  both  sides  with  white  lead  ground  in  oil,  such  as 
is  used  for  house-painting,  and  left  until  it  gets  quite  dry.  It  is  then 
brought  in  and  laid  upon  a  long  table  for  division  by  scale  and  compasses, 
and  the  divisions  being  marked  in  pencil,  are  afterwards  finally  put  in 
with  black  oil  paint,  used  with  a  pen  made  of  a  dry  reed.  The  large 
divisions,  such  as  feet,  yards,  &c.,  are  usually  marked  with  vermilion 
ground  in  oil,  in  order  that  they  be  more  distinctly  seen. 

206.    It  is  evident  that  although  the  central  line  of  stakes  by  which  a 
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road  or  canal  has  been  set  ont  must  be  regular,  this  can  never  be  the  cas* 
with  the  exterior  or  side  bank  stakes,  which  mnst  always  stand  in  irre- 
gular or  zig-zag  lines  unless  they  are  on  perfectly  leyel  ground ;  notwith- 
standing which,  the  work  set  out  by  them  will  be  straight  and  regular 
when  finished,  and  brought  to  one  uniform  height.  Indeed,  the  face  of  a 
country  is  often  so  altered  by  the  excayations  and  embankments  of  large 
public  works,  that  its  inhabitants  scarcely  know  it,  and  the  Engineer 
himself  would  frequently  be  puzzled  in  the  measurement  of  the  work  done^ 
from  his  inability  to  distinguish  between  its  former  state  and  the  recent 
alterations,  were  not  certain  marks  made  and  left  for  this  purpose.  It  is 
on  this  account  that  certain  conical  masses  with  grass  and  stakes  on  their 
tops,  termed  bench-marks*  by  the  Engineer,  and  mutanu  by  the  natires  of 
these  proyinces,  are  generally  found  standing  in  the  middle  of  canals,  reser- 
yoirs,  and  other  excayations,  particularly  in  uneyen  countries,  in  form  like 
y  in  the  figure.    Their  use  is  to  mark  what  was  the  surface  of  the  ground 

before  it  was  touched ;  for 
they  are  not  built  up,  but 
consist  of  some  of  the  form- 
er soil  left  standing  by  dig- 
ging the  earth  away  around 
them.  The  grass  growing 
upon  them  is  the  grass  of  the  original  surface,  which  haying  been  un- 
touched, continues  to  yegetate  and  preyents  any  deception  being  practised 
as  to  the  actual  former  height  of  the  soil,  when  the  quantity  of  excaya- 
tion  is  measured  after  its  completion. 

These  little  hillocks  likewise  serye  to  preserye  the  positions  of  the 
(central  line  of  stakes  by  which  the  work  has  been  set  out ;  for  they  are 
usually  left  round  those  stakes  or  round  eyery  second  or  third  as  may  be 
necessary,  so  as  to  giye  the  Engineer  an  opportunity  of  leyelling  at  any 
future  time  from  the  origmal  centre  stakes,  or  measuring  distances  from 
them  to  the  side  banks,  or  taking  the  depth  of  the  cutting.  And  they 
are  neyer  remoyed  until  the  work  ha^  been  measured,  and  is  in  such  a 
state  of  forwardness  as  to  render  their  longer  retention  useless. 

Tt  sometimes  happens  that  the  cutting  or  excayation  for  a  road  or  canal 
is  yery  deep,  and  wide  at  the  top,  as  when  a  hill  has  to  be  passed  through ; 
and  in  that  case  these  bench-marks  cannot  be  left,  for  their  base  would  of 

*  Moi  to  bo  confounded  with  ih«  bench-maiks  used  in  LeveUng. 
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necessity  be  so  large  as  to  block  up  the  lower  part  of  the  work ;  in  such 
places  the  surface  of  the  ground  can  only  be  determined  by  carefully  level- 
ling it  i^reyious  to  beginning  the  excavation.  For  if  any  hollow  or  pro- 
tuberance in  the  natural  ground  exists,  either  on  a  hill  or  any  other  place 
that  has  to  be  cut  through,  it  may  make  a  considerable  addition  to,  or 
abstraction  from  the  quantity  of  earth  to  be  removed,  and  is  frequently 
a  source  of  dispute  with  workmen. 

207.  When  the  extreme  sides  or  lines  of  a  portion  of  earthwork  have 
been  set  out,  nothing  more  is  necessary  in  order  to  produce  the  fig^e  or 
form  required,  than  to  desire  the  workmen  to  proceed  and  carry  up  or 
down  the  slopes  with  an  inclination  of  two  to  one,  or  any  other  degree 
that  may  have  been  previously  arranged  ;  but  it  may  not  be  obvious  how 
the  necessary  correctness  of  slope  is  to  be  obtained  and  preserved.  This 
is  done  mechanically,  either  by  means  of  an  implement  called  a  bevil 
plumb  rule,  or  by  a  clinometer. 

The  bevil  plumb  rule  shown  in  figure,  consists  of  three  strips  of  board  a, 

b  and  c,  framed  together  in  the  form  of  a 
triangle,  the  piece  a  being  a  common 
plumb  rule  and  plummet,  such  as  is  used  by 
bricklayers,  and  which  being  held  upright, 
the  piece  c  is  so  fixed  as  to  represent  the 
slope  required  for  the  bank,  and  b  is  merely 
a  brace  for  retaining  the  other  two  pieces  in  their  proper  angular  position, 
and  therefore  need  not  make  a  right-angle  with  a,  though  it  will  be  better 
that  it  should  do  so,  because  the  implement  then  becomes  useful  for  other 
purposes.    For  instance,  it  may  be  used  as  a  ground  square,  as  in  figure 
page  281,  and  by  having  a  large  hole  for  the  bob  to  play  in  at  each  end 
of  the  plumb  rUle,  the  instrument  may  be  reversed  by  making  b  the  bottom 
rail,  and  then  it  becomes  a  useful  level  for  testing  the  level  parts  of  the 
work.    The  sloping  side  c,  ought  to  be  at  least  three  feet  long ;  and  se- 
parate instruments  of  this  description  will  be  necessary  for  each  particular 
slope,  if  more  than  one  should  be  adopted.    Having  such  an  instrument, 
there  will  bc  no  difficulty  in  giving  the  necessaiy  slope  to  the  banks.  Thus, 
in  Fig.  1,  page  224,  suppose  A  to  be  the  exterior  stake  at  which  the  slope 
is  to  terminate.    The  workman  begins  by  opening  a  hole  of  about  a  foot 
or  eighteen  inches  wide  between  A  and  Q,  taking  care  to  give  sufficient 
dope  to  the  side  AD ;  when  deep  enough,  say  a  foot  or  two,  the  lower 
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poiat  of  the  beril  plumb  rule  is  introdnced  into  this  hole ;  And  its  side  c 
is  brought  into  contact  with  the  slope  AD ;  and  then  if  the  plummet  on 
the  rule  coincides  with  the  line  upon  it,  the  slope  is  right ;  if  not,  it  must 
be  altered  until  this  accordance  takes  place.  That  done,  another  similar 
hole  is  opened  at  the  next  outer  stake  a  few  yards  in  advance,  and  is 
proved  and  adjusted  in  like  manner,  when  the  intermediate  earth  may  bo 
boldly  taken  away,  until  the  excavation  approaches  very  closely  to  the 
lines  so  set  out,  and  when  that  is  the  case,  more  care  and  caution  are 
required  to  pare  away  the  earth  in  exact  accordance  with  them,  and  the 
bevil  rule  is  frequently  applied  to  ascertain  that  the  work  is  correct.  By 
the  same  process  the  slopes  are  set  out  and  adjusted  on  the  other  side, 
and  throughout  the  length  of  the  work, 
208,    The  Clinometer  consists  of  a  quadrant,  AB  of  about  2  inches 

in  radius  attached  to  a  flat  bar  CD,  6  inches 
long.    The  quadrant  is  graduated  from  B  to  A, 
and  adjoining  the  divisions  may  be  inserted,  if  re- 
quired, the  corresponding  ratio  of  the  slopes  1  to 
1,  &c.    An  index  bar,  E,  turns  upon  the  centre  of 
the  quadrant,  and  carries  a  spirit  level.    At  F  is 
a  hinge  by  which  the  bar  can  be  folded  up  and 
carried  in  the  pocket.  The  method  of  using  this  in- 
strument is  so  evident  as  to  require  no  explanation. 
209.    Although  by  the  bevil  plumb  rule  and  cli- 
nometer, earthwork  may  be  executed  of  any  required 
cross-section,  some  other  means  must  be  taken  to 
guide  the  workmen  in  forming  the  longitudinal  section  of  a  work,  such 
as  a  road,  where  the  slope  will  rarely  exceed  1  in  80,  and  will  generally  be 

much  less.  For  a  bevil 
rule,  where  b  (see  figure, 
page  287,)  is  50  times  a 
would  require  to  be  of  a 
most  unwieldy  size  to  be 
of  any  use.  For  this 
purpose  a  large  Mmoris  Levd  may  be  used,  as  shown  in  the  above  figure^ 
The  beam  ab,  is  placed  truly  horizontal  by  raising  or  depressing  one 
end  till  the  plumb  bob  suspended  from  d  falls  exactly  on  c.  At  the 
end  of  the  limb  b  is  fixed  a  gauge  (e,  at  right-Angles  to  it,  which  by 
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means  of  a  screw  can  be  raised  or  depressed.  So  if  a  slope  of  1  in  60  is 
required^  and  ad  be  5  feet  long,  be  will  be  fixed  at  one  inch  (s  ^^^tb  of 
5  feet)  ;  and  pegs  driren  flnsh  with  a  and  e  will  so  far  determine  the 
slope  of  the  road.  The  level  may  then  be  carried  on,  and  a  placed  oyer 
the  peg  which  was  driyen  at  e,  and  so  on  for  20  or  80  feet,  and  then  a 
string  drawn  tightly  oyer  those  pegs  and  produced,  will  giye  the  slope  for 
any  length  in  advance. 

210.  Another  method  of  laying  down  a  longitudinal  slope  is  by  what 
are  called  boning  staves. 

These  are  upright  rods  all  of  one  length  having  cross-bars  at  right-an- 
gles to  their  tops  in  a  T  shape.  By  means  of  a  levelling  instrument,  two 
pegs  are  driven  in  the  centre  line  at  about  50  feet  apart,  with  their  heads 
exactly  in  the  required  slope.  On  these  pegs  two  boning  staves  are  placed 
with  their  cross-bars  lying  at  xight-angles  to  the  centre  line^  and  a  third 
is  held  upright  at  any  point  in  the  cutting,  in  the  same  line  as  the  other 
two ;  when,  if  the  level  of  the  cutting  be  on  the  required  slope,  the  heads 
of  the  three  boning  staves  will  be  in  one  straight  line.  In  this  manner 
the  cutting  may  be  carried  on  at  a  uniform  rate  of  inclination ;  but  whe- 
ther a  mason's  level  or  boning  stave  be  used,  pegs  ought  to  be  driven  at 
frequent  intervals  along  the  centre  line,  with  their  heads  ranged  exactly 
in  the  slope  by  a  levelling  instrument,  to  check  the  work,  otherwise 
there  is  very  apt  to  be  an  error  made. 

In  forming  embankments,  prqfileSf  are  generally  erected  at  intervals  to 
guide  the  workmen.  For  this  purpose  upright  bamboos  or  other  stakes 
are  fixed  in  the  ground  at  every  angle  of  the  cross-section,  and  its  form 
is  shown  by  a  string  fastened  down  to  the  ground  at  each  end,  and  to 
the  stakes  between  at  the  desired  heights.  The  ^arth  is  then  filled  in 
till  its  surface  coincides  with  the  profiles* 
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TOOLS   AND   EXECUTION. 

811.  TfiB  implements  requited  for  the  execntioii  of  ordinary  earth- 
Work  may  be  divided  into  three  classes.  Ist,  Those  required  to  loosen 
And  detach  the  soil  from  its  natural  position  |  2nd,  Those  required  to 
raise  the  loosened  soil  from  its  bed,  and  place  it  in  (8rd)  the  y^icle  for 
removing  it,  and  depositing  it  where  it  is  wanted. 

SiggiBg  Tools. — Where  the  soil  is    loose,  the  same  tool  which 
detaches  it  may  be  used  to  raise  it  and  put  into  the  rehicle  re- 
quired to  move  it.      A  spade, 
shoyel,  or  the  large  bladed  hoe, 
termed  hphdordif  will  do  for  either 
of  these  works. 

Pickaxe, — ^Where  the  soil  is 
stiff  and  firm,  it  must  be  broken 
up  by  a  more  powerful  tool ;  and 
for  this  ptupose  a  pickaxe  is 
used,  made  of  iron  with  two 
points  of  steel  welded  on  to  it,  and 
bent  into  the  form  shown  in  the 

marginal  figure.  For  ordinary  excavation  it  should  be  double  ended,  with 
an  equal  quantity  of  metal  in  each  end,  so  as  to  balance  well  in  the  hand. 
Two  feet  from  point  to  point  is  considered  the  most  convenient  length, 
and  the  metal  should  not  weigh  more  than  ten  or  twelve  pounds ;  if  heav* 
ier,  it  fatigues  the  workman  without  an  equivalent  advantage  in  work, 
and  most  men  prefer  this  tool  chisel-pointed,  and  about  an  inch  wide, 
instead  of  being  quite  sharp.  The  common  fault  in  pickaxes  as  usually 
made,  is  a  want  of  sufficient  depth  and  strength  in  the  eye  or  socket 
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Vig.  1.      Fig.  2. 


through  which  the  wooden  handle  passes,  for  in  this  place  they  usually 
fail  or  break.  The  side  plates  that  form  the  eye,  ought  not  only  to  be 
thick  for  strength,  but  should  be  at  least  three  and  a  half  or  four  inches 
from  D  to  B  in  order  to  admit  of  the  handle  being  well  fixed ;  for  the 
operation  of  this  tool  is  a  wrenching  one,  and  unless  this  construction  is 
attended  to,  the  handles  are  constantly  breaking  or  getting  loose,  which 
proves  very  troublesome.  Pickaxes  frequently  require  sharpening  and 
repairing ;  if  therefore  there  is  no  blacksmith  in  the  immediate  vicinity 
of  the  work,  a  portable  forge  should  be  provided  to  accompany  it. 

212.  The  shovel  most  approved  is  what  is  called  heart-shaped,  as 
shown  in  figure,  instead  of  straight-edged,  though  some  of  both  sorts  are 
useful ;  they  are  sometimes  used  with  a  long  handle,  but  the  crook  handle, 
as  shown  in  the  figure,  is  a  stronger  and  cheaper  form.  For  actual  dig- 
ging upon  the  surface,  particularly  in  clay  or  soft 
ground,  a  scoop  tool,  of  the  form  shown  at  Fig, 
2  is  preferred.  It  is  made  like  a  common  gar- 
den spade  bent  into  a  curved  form,  and  in  using 
it,  it  is  advantageous  to  have  a  tub,  or  puddle 
of  water  formed,  into  which  the  tool  is  fre« 
quently  dipped,  to  prevent  stiff  clay  or  loam 
from  sticking  in^the  hollow  of  the  scoop.  In 
using  a  shovel  or  spade  of  any  sort,  the  foot 
must  of  course  be  protected  by  a  shoe  or 
wooden  soled  sandal.  Natives  of  the  Punjab 
use  the  spade  in  preference  to  the  phdard  ; 
and  Hindustani  Sappers  and  Miners  dig  well 
with  it.  It  might  probably  be  introduced  without  much  difficulty  into 
all  parts  of  this  country. 

213.  Under-cutting.'^TbQ  ordinary  process  of  digging'  consists  in 
loosening  the  soil  upon  the  surface,  and  taking  it  up  by  smgle  shovel  or 
spades-full,  which  "  navigators  "  (as  the  best  class  of  skilled  excavators 
are  called  in  England)  term,  underhand  working ;  but  they  adopt  also  a 
more  expeditious  method  of  proceeding,  called  under-cutting,  by  which 
much  labour  is  saved.  The  first  hole  or  opening  must  be  made  in  the 
ordinary  manner,  but  instead  of  working  on  the  surface  and  digging  over 
it  one  spade  deep,  and  then  beginning  and  taking  another  spade's  depths 
they  go  to  the  full  depth  of  the  wof  k,  provided  it  is  not  more  than  six  o  r 

VOL.  Ii«-TBXBD  EDITION.  2  I     ' 


242 


TOOLS  AVB  KZBCUTlOir. 


seven  feet ;  taking  care  to  form  the  sides  to  their  intended  slopes,  bnt 

keeping  the  front  or  side,  on  which  the  excavation  is  to  proce6d,  nearly 

perpendicniar,  or  withont  any  slope  at  alL    The  bottom  of  the  hole  being 

levelled  and  tried,  the  lower  part  of  this  front  or  breast,  ad  they  call  it, 

is  undermined  or  dug  away  by  the  pickaxe  and  shovel,  to  about  a  foot 

from  the  bottom,  keeping  the  bottom  as  level  and  as  nearly  in  its  proper 

range  as  possible.    The  side  slopes  are  treated  in  the  same  manner,  or 

worked  into  the  front  about  the  same  depth,  the  consequence  of  which  is 

that  a  large  mass  of  the  earth  of  the  front  remains  without  any  other 

support  than  that  which  it  derives  from  its  cohesion  or  adhesion  to  the 

earth  behind  it,  and  large  masses  therefore  first  crack  or  separate,  and 

fall.    If  they  do  not  separate  as  readily  as  the  workmen  wish,  two  or  three 

large  wooden  wedges,  shod  with  iron,  are  carried  to  the  surface,  and  being 

placed  a  foot  or  two  behind  the  front  or  breast,  are  struck  with  heavy 

wooden  mauls,  and  this  never  fails  to  detach  large  masses  of  the  soil ; 

which,  by  the  concussion  of  their  fall  are  broken  in  pieces  sufficiently 

small  to  be  taken  up  into  the  barrows  for  removal.    This,  though  an 

expeditious  process,  is  one  that  is  attended  with  some  danger  to  the 

workmen ;  and  therefore  requires  to  be  conducted  with  care.    For  the 

cracks  or  fissures  that  always  precede  the  detachment  of  a  mass  of  soil, 

are  sometimes  unseen  or  unheeded  by  the  workmen,  and  masses  fall  when 

they  are  not  expected  to  do  so,  and  crush,  or  maim  the  men  beneath. 

On  this  account  a  front  or  breast,  of  more  than  about  six  feet,  should  not 

be  so  worked ;  but,  when  the  work  is  deep,  the  upper  breast  may  be 

kept  four  or  five  yards  in  advance  of  the  lower  one,  with  a  flat  surface 

between  for  the  soil  to  fall  upon,  and  deep  cutting  is  almost  always  so 

conducted. 

314.  The  phaord  is  too  well  known  in  this  country  to  require  much 
description.  As  it  is  wielded  entirely  by  the  arm,  the  labourer  requires 
no  protection  for  his  foot,  as  he  does  in  using  a  spade  or  shovel ;  as  in 
the  case  of  the  pickaxe,  it  is  apt  to  give  way  at  the  socket  through 
which  the  handle  passes. 

218.  Wheel-BarTOW& — ^The  common  form  of  wheel-barrows,  with 
boarded  sides,  will  not  answer  at  all  for  the  work  of  excavation,  such 
barrows  being  too  heavy  in  themselveB,  and  very  inconvenient' for  invert- 
ing  to  discharge  the  soil.  The  best  form,  and  that  constantly  used  in 
England  for  this  work,  is  shown  in  the  marginal  figure ;  it  is  very  shallo W| 
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not  ttceeediiig  6  inches  in  depth,  its  fonr  sides  splay  open,  or  make  angles 
of  about  45^  with  the  bottom,  in  consequence  of  which  the  soil  is  yery 
easily  discharged  from  it ;  but  its  principal  advantage  is  in  the  shortness 

of  the  axis  of  the  wheel,  (which 
should  be  of  oast-iron,)  which  al- 
lows a  fadlity  of  turning  out  the 
contents  that  cannot  be  obtained 
'  if  the  axis  is  long.  The  frame  of 
the  barrow  is  constructed,  by  mort- 
ising three  croBS  bars  strongly  into 

« 

the  two  side  rails  which  form  the 
handles,  and  come  so  close  toge- 
ther at  their  opposite  ends  as  just 
to  admit  the  wheel  between  them.  The  box  of  the  barrow  is  separately 
made  and  fixed  on  to  its  place,  as  indicated  by  dotted  lines  in  the  figure, 
by  screw  bolts,  with  nuts  underneath ;  and,  as  the  box  soon  wears  out 
by  use,  one  frame  will  last  for  seyeral  successiye  boxes.  The  pivots  of 
the  wheel  run  in  iron  eyes,  fixed  by  screw  bolts  under  rails,  so  that  they 
likewise,  can  be  removed  when  worn  out.  A  barrow  of  this  kind, 
shallow  as  it  may  appear,  will  contain  quite  as  much  soil  when  heaped 
up,  as  a  man  can  convey  with  convenience,  when  working  throughout 
the  day.  And  the  mere  frame  of  the  barrow,  without  its  box,  is  very 
useful  for  conveying  flat  building  stones,  or  short  pieces  of  timber,  that 
will  lie  on  it  with  convenience. 

Barrows  of  the  above  kind  were  employed  on  the  Ganges  Oanal  Works 
at  Roorkee.  The  natives  used  with  it  a  shoulder  strap  to  ease  the 
muscles  of  the  arm. 

The  barrows  should  not  be  wheeled  upon  the  ground,  but  8-inch 
planks  should  be  used  to  form  level  tracks  or  inclined  planes  to  run  them 
upon ;  and  for  this  purpose,  when  the  plank,  or  one  or  both  of  its  ends 
cannot  rest  upon  the  ground,  they  are  propped  or  raised  to  the  required 
height  and  inclination  by  blocks,  or  a  kind  of  stool  with  long  legs,  call- 
ed tressels  or  horses.  Planks  of  about  20  feet  long  are  preferred  when 
they  can  be  used,  not  only  to  obviate  a  frequent  repetition  of  joints,  but 
because  they  are  more  easily  fixed  and  supported.  The  bearings  should 
not,  however,  be  too  distant,  because  a  plank  should  not  spring  or  vi- 
brate while  the  loaded  barrow  is  running  upon  it.   If  it  does  so,  it  should 
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be  propped  or  blocked  up  in  its  central  part.  The  slopes  or  inclined 
planes,  formed  of  wheeling  planks,  should  likewise  be  made  as  flat  as 
possible,  for  it  fatigues  the  workman  less  to  mn  a  greater  distance  on  a 
gentle  slope,  than  a  short  distance  on  one  that  is  steep ;  their  steepest 
inclination  should  therefore  not  exceed  1  in  12,  unless  the  men  are  as- 
sisted by  means  of  ropes  and  winding  machinery. 

216.  The  usual  distribution  of  hands  in  shifting  earth,  is  to  employ 
two  at  the  immediate  excavation  to  dig  and  to  fill ;  that  is  to  say,  one  with 
a  pickaxe  to  loosen  and  break  down  the  soil,  and  the  other  with  a  shovel 
to  fill  a  wheel-barrow  that  stands  upon  the  end  of  a  wheeling  plank  close 
to  the  work.  Should  the  soil,  however,  be  very  loose,  one  pickman  may 
be  enough  for  two  shovellers ;  or  on  the  other  hand  should  it  be  very 
stiff,  one  and  a  half  or  .two  pickmen  may  be  required  for  one  shoveller. 
Another  man  carries  away  the  loaded  barrow  and  takes  it  a  stage  along 
the  plank,  till  he  meets  a  second  wheeler  returning  on  the  next  stage  with 
an  empty  barrow.  At  the  termination  of  each  stage,  the  planks  are  laid 
in  a  double  line  for  a  short  distance,  in  order  that  the  full  and  empty 
barrows  may  pass  each  other  without  interference.  At  the  end  of  the 
track  too,  where  the  barrows  are  filled  by  the  shoveller,  there  are  two 
lines  of  planks  laid  in  the  form  of  the  letter  Y,  so  that  the  full  barrow 
may  be  on  on%  flank  while  the  empty  one  is  on  the  other,  and  they  are 
wheeled  when  full  alternately,  up  one,  and  down  the  other,  plank,  till  they 
reach  the  single  track  where  the  earth  is  to  be  deposited.  If  a  long  bank 
has  to  be  made,  several  planks  should  be  laid  in  a  radiating  form  from 
the  single  one,  in  order  to  distribute  the  earth  by  carrying  it  first  along 
one,  and  then  another.  By  the  above  arrangement  every  man  should 
be  at  his  post  when  wanted,  either  with  a  full  or  empty  barrow,  and  a 
line  of  hands  of  any  extent  may  be  kept  up  regularly  at  work  without 
a  man  standing  idle  for  a  moment. 

The  proportion  of  wheelers  to  shovellers  is  generally  estimated  in 
England  by  considering,  that  a  shoveller  takes  about  as  long  to  fill  an 
ordinary  barrow  containing  1  cubic  foot  of  earth,  as  a  wheeler  takes  to 
wheel  it  full  a  distance  of  about  100  or  120  feet  on  a  horizontal  plank, 
and  to  return  with  it  empty.  If  the  full  barrow,  has  to  be  wheeled  up  an 
ascent,  each  foot  of  rise  is  to  be  considered  as  much  as  six  additional  feet 
horizontal. 

The  number  of  barrows  required  for  each  shoveller  is  one  more  than  the 
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nmnber  of  wheelers.  An  English  shoveller  will  lift  500  cnbic  feet  of 
earth  in  a  day,  but  a  native  workman  cannot  be  depended  on  for  more 
than  one-fonrth  of  that  amonnt. 

Barrow  and  plank  wheeling  is  always  expensive,  and  on  this  ac- 
connt  it  should  ifever  be  made  use  of  where  the  length  of  Uad  (as  the 
distance  the  earth  requires  to  be  moved  is  termed)  exceeds  three  or  four 
stages.  For  greater  distances,  especially  on  nearly  level  ground,  it  will 
always  be  found  most  advantageous  to  cart  the  soil  by  one  horse  carts, 
built  for  the  express  purpose.  The  kind  of  cart  most  approved  has  only 
three  wheels,  two  being  behind  and  one  before,  the  reason  of  which  is  that 
such  carts  stand  firmly  upon  uneven  ground,  and  will  support  themselves 
without  aid  from  the  horse ;  they  are  light  and  easy  of  draught,  and  they 
turn  in^  smaller  space  than  any  other  construction  of  cart.  The  frame 
or  carriage  part,  to  which  the  wheels  are  attached,  is  independent  of  the 
body,  and  is  fastened  to  it  by  a  pivot  bar,  very  little  beyond  the  centre  of 
gravity  of  the  body  when  loaded,  so  that  a  very  small  exertion  of  strength 
is  sufficient  to  tilt  the  body  up,  and  cause  it  to  discharge  its  load. .  The 
trace-chains  hook  on  indifferently  before  or  behind,  so  that  either  end  of 
the  cart  may  be  made  to  precede.  One  such  cart  carries  about  as  much 
as  twelve  wheel-barrows,  and  its  average  speed  in  going  and  returning  is 
about  ^th  ufore  than  that  of  a  barrow,  so  that  each  cart  is  equivalent  to 
about  fourteen  wheel-barrows  in .  motion.  In  the  formation  of  roads 
where  small  protuberances  of  soil  have  to  be  cut  off,  and  probably  carried 
a  long  distance  to  fill  up  hollows  for  obtaining  a  uniformly  even  surface, 
such  carts  are  very  useful. 

217.    Tilt  Wi^ns.— In  all  cases  where  the  work  is  sufficiently  ex- 
tensive, trucks  or  wagons  running  on  iron  rails  should  be-used,  propelled 
,  by  men,  horses,  or  locomotive  engines. 

Tilt  wagons  are  of  a  variety  of  forms,  some  called  side-tip  or  side-tilt 
wagons,  which  throw  their  load  of  earth  to  right  or  left  of  the  line ;  others 
called  end-tilt^  which  deposit  it  in  front  or  rear,  and  others  again  which, 
by  means  of  a  circular  turn-table  under  the  body  of  the  cart  can  be  made 
to  project  their  load  at  pleasure  to  any  side.  Another  variety  is  used 
when  the  earth  has  to  be  brought  along  at  a  height  above  the  level  on 
which  it  is  to  be  laid  down  in  layers,  and  when  a  temporary  scaffold  with 
a  line  of  rails  carrying  the  earth  cart  is  run  out  from  the  completed  por- 
tion of  the  work  over  the  part  in  progress.    The  body  of  the  wagon  fre- 
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qnently  employed  under  soch  cireametaiices  is  made  to  inTert  entirely, 
throwing  its  load  down  verticaliy  between  the  rails  on  the  work  below. 

Where  the  embankment  requires  to  be  only  a  little  broader  than  the 
raQs  on  which  the  wagon  mns,  as  in  ordinary  railway  works,  the  rear 
or  front  tilt  wagon  is  the  one  generally  employed.  But  where  a  broad 
massiye  embankment  has  to  be  made,  it  is  often  better  to  use  a  side-tilt 
wagon  to  empty  the  earth  right  and  left. 

In  England  the  best  size  for  earth  wagons  is  oonsidered  to  be  largo 
enough  to  hold  about  2  to  2^  cubic  yards,  or  from  2^  to  8  tons  weight 
of  earth. 

The  wheels  ought  to  be  8  feet  in  diameter ;  about  Zj^  cwts.  of  iron 
are  employed  in  such  a  wagon,  its  whole  weight  being  from  1  to  1^ 
tons.  Each  wagon  carries  about  as  much  as  fifty  wheel-barrows ;  and 
its  speed  when  drawn  by  a  horse  may  be  taken  as  about  one-fifth  greater 
than  that  of  a  barrow,  so  that  one  wagon  is  equivalent  to  about  sixty 
barrows.  In  ordinary  soil  it  has  been  estimated  that  one  wagon  going 
and  returning  a  distance  of  about  6,000  feet,  will  keep  one  shoveller  at 
work.  If  loaded  wagons  have  to  be  drawn  up  an  ascent  and  the  tem- 
porary rails  be  good,  each  foot  of  rise  is  equal  to  about  150  feet  of  ad- 
ditional horizontal  distance. 

In  calculating  the  number  of  horses  required  for  earthwork  where 
wagons  ars  employed,  the  force  which  one  horse  can  exert  when  walking 
slowly  on  a  level  plain  is  taken  in  England  at  abont  120  fibs. ;  for  the 
small  horses  of  this  country  some  deduction  would  require  to  be  made 
from  this  amount,  and  probably  90  lbs.  would  be  sufficient.  The  friction 
along  temporary  rails  may  be  taken  at  15  lbs.  per  ton,  or  about  xTTrtl^. 
of  the  whole  load.  If  we  consider,  therefore,  that  a  loaded  wagon 
weighs  in  all  4  tons,  the  force  of  traction  to  be  exerted  will  be  60  lbs. ; . 
and  one  strong  horse  will  be  able  to  draw  two  wagons.  We  shall  have, 
therefore,  two  wagons,  one  horse,  and  one  man  to  go  with  the  wagons, 
to  carry  to  a  lead  of  6,000  feet,  as  much  as  one  pickman  can  excavate, 
and  one  shoveller  put  in  a  wagon. 

218.  Scoop. — In  removing  surface  earth  to  a  moderate  distance,  an 
implement  called  a  scoopf  serving  the  purposes  of  the  shovel  and  the 
wheel-barrow  combined,  is  used  in  America,  and  in  some  parts  of 
India.  It  consists  of  a  large  open  box  like  a  hand-barrow,  but  having 
three  sides  only  instead  of  four,  and  the  bottom  projecting  with  a  sharp 
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edge,  to  the  front.  Being  dragged  along  by  two  horses  or  bnllockst 
it  is  made  to  scoop  np  the  earth  from  the  snrface  at  its  open  end,  and 
to  convey  it  along.  The  attachment  of  the  two  chams  or  ropes  by  which 
it  is  dragged,  is  about  the  middle  of  the  scoop,  and  it  is  provided  with 
two  handles  to  the  rear  by  which  it  is  guided,  and  which  being  slightly 
raised  by  the  hand  of  the  driver,  on  reaching  the  point  where  the  earth 
is  to  be  laid  down,  the  front  edge  which  is  armed  with  iron  catches  in 
the  ground,  and  the  horses  moving  on,  the  scoop  is  overturned.  It  can 
only  be  used  of  course  when  the  earth  is  tolerably  soft  and  loose.  To 
facilitate  excavation  of  ground  having  a  stiff  or  hardened  surface,  it  is 
frequently  ploughed  before  setting  the  diggers  to  work. 

In  this  country,  when  the  work  is  not  on  a  very  large  scale,  and 
the  lead  not  very  great,  it  will  generally  be  most  economical  to  use 
baskets  in  preference  to  any  other  vehicle.  The  basket  is  the  natural 
carrying  implement  of  the  native ;  so  it  requires  no  teaching  to  instruct 
coolies  in  its  use,  as  the  wheel-barrow  does.  Baskets  are  also  easily 
obtained  everywhere,  at  a  very  small  cost,  whereas  the  price  of  a  bar- 
row is  considerable. 

219 1  Coat  of  Earthwork.— From  what  has  been  written  it  will  be 
seen  that  the  cost  of  earthwork  must  depend — Ist,  On  the  price  of  la- 
bour ;  2nd,  On  the  nature  of  the  soil ;  drd.  On  the  length  of  lead,  or 
distance  the  earth  has  to  be  carried ;  4th,  On  the  depth  or  height  it  has 
to  be  excavated  or  embanked.  The  price  of  labour  depends  on  so  many 
things  that  no  general  rules  can  be  given  for  it.  Each  district  has  its 
own  rate,  which  the  Engineer  must  find  out  before  preparing  his  esti- 
mate. It  can  only  here  be  roughly  stated  that  the  price  of  earthwork 
in  Upper  India,  now  varies  from  Bs.  1  to  6  per  1,000  cubic  feet,  accord* 
.ing  to  locality,  and  details. 

On  the  nature  of  the  soil  will  depend  the  amount  which  a  m%n  can 
execute  in  a  day.  In  some  districts  it  is  diflScult  to  get  a  coolie  to  dig 
more  than  50  cubic  feet  a  day,  but  a  native  contractor  will  generally  get 
far  more  work  than  that  out  of  a  man.  It  was  found  in  diggmg  the  up- 
per portions  of  the  Oanges  Canal,  where  the  earth  had  to  be  carried  on 
an  average  150  feet,  that  three  able-bodied  men  would  dig  and  carry  out 
in  baskets  250  cubic  feet  per  day,  when  the  digging  did  not  exceed  10 
feet  in  depth.  These  men  earned  each  2  annas  daily ;  and  paying  their 
labourers  at  this  rate,  the  eontraetora  agreed  to  dig  the  oanal  at  Bs«  1-14 
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per  1,000  cubic  feet  down  to  10  feet  deep,  and  at  Bs.  2-6  beyond  tbat 
depth.  The  actual  rates  at  which  the  work  was  done,  including  levelling 
and  smoothing  off  the  embankments,  and  deepening  the  berms  and  slopes, 
were  Es.  2  and  Rs.  2-8  for  depths  less  than,  and  exceeding,  10  feet, 
respectively.  In  the  Cawnpore  division  of  the  canal,  where  the  lead 
was  not  more  than  50  feet  on  an  average,  the  cost  occasionally  was  as 
low  as  Rs.  1-8  per  1,000  cubic  feet. 

Each  contractor  used  to  imdertake  a  portion  of  from  50  to  100  feet 
in  length  of  canal  channel,  and  give  it  out  to  sub-contractors  or  la- 
bourers, who  engaged  to  do  a  daily  task  at  fixed  rates,  the  contractor 
finding  the  tools.  Much  of  the  work  was  done  by  "  Uda^^  a  class  of 
excavators  well  known  in  the  Upper  Provinces  of  India,  who  wander 
about  wherever  they  can  get  work  and  pasture  for  their  cattle.  These 
men  generally  use  donkeys  for  the  purpose  of  carrying  earth. 

220.  Much  valuable  experience  in  earthwork  was  gained  in  the  for- 
mation of  the  great  embankment  for  the  Solani  aqueduct,  on  the  Ganges 
canal.  The  earth  was  first  carried  in  wheel-barrows  on  planks,  the 
length  of  run  being  from  200  to  300  yards,  and  the  labourers  receiving 
Rs.  4  per  month.  This  work  cost  from  Rs.  8  to  5  per  1,000  cubic  feet ; 
and  as  the  length  of  lead  was  always  becoming  greater,  it  became  ne- 
cessary to  employ  wagons  on  rails.  450  side-tilt  wagons  were  conse- 
quently used,  each  carrying  from  45  to  50  cubic  feet  of  earth,  or  from 
80  to  83  cwts.  The  average  cost  of  a  wagon  was  Rs.  858.  These 
wagons  were  for  a  long  time  propelled  by  men;  four  beldars  were  told 
off  to  each ;  one  remaining  to  dig  and  loosen  the  earth,  while  three 
worked  the  wagon ;  and  all  four  digging  and  filling  between  trips. 

Filling  one  of  these  wagons  occupied  two  men  from  50  to  60  minutes, 
the  earth  being  carried  30  feet  on  an  average.  Although  it  was  found 
just  as  cheap  to  employ  men  as  horses  in  propelling  the  wagons,  the 
latter  were  ultimately  used,  as  labourers  were  not  easily  got  in  the  large 
number  required  for  such  a  great  work.  When  horses  were  used,  two 
beldars  were  told  off  to  dig  and  load  the  wagon ;  and  one  horse  drew  two, 
and  a  man  accompanied  each  horse.  A  horse  was  found  to  travel  2*85 
miles  per  hour  with  a  load,  and  8*25  miles  with  an  empty  wagon. 

Mr.  Parker,  in  estimating  the  value  of  wagon  labour  with  men  and 
horses,  has  from  a  series  of  five  months'  accounts,  in  which  are  included 
the  charges  for  excavatbg  and  carrying  1|817|000  cubic  feet  of  earth| 
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abstracted  tbe  following  Tables.    The  first  when  the  wagons  were  pulled 

by  horses,  the  latter  when  they  were  pushed  by  men  :** 

Tablb  L— ATsaAGB  ov  IiABOUB  leqtiirad  for  1,000  cable  feet  of  digging,  and 

amrying  the  earth  in  wagons  drawn  by  hones  to  a  mean  distance  of  9;800  feet 

by  railway. 


DOBOriptlOB* 


ATsrage 
nnnibflr* 


Mates  of  beldars, 

X>ig8ers, •    . 

Horses,  effective, 

Ditto  in  hospital 

Ditto  non-effectire  by  SnndaySi 
holidays,  and  rain,  .    .    .    • 
Men  on  scaffolding  and  greas- 
ing wagons  (beldars),    •    •    . 
Do.,  carpenters, 


oas 

9-28 

2*84 
0^ 

0-70 

0*72 
0-08 


From  this  Table  we  find  that  108 
enbic  feet  is  the  day's  work  of  a 
diffger,  and  852  cubic  feet  that  of 
ahorsSi 

The  diggers  hare  alio  to  cany 
the  earth  in  barrows  a  mean  dis- 
tance of  40  lest,  in  order  to  fill  the 
wagooa. 


Table  IL— Averaob  of  Labour  required  for  1,000  cnbic  feet  of  digging,  and 
carrying  the  earth  in  wagons  pnahed  by  men,  to  a  mean  distance  of  8,700  feet 
by  tramway.   . 


XtaMilptioli  of  VQCkmttu 

ATerage 

Remarks. 

Mates  of  bddiia, 

Diggers  and  earners, .    •    •    • 
Men  on  scaffolding  and  greas- 
ing (bddats), 

Do.,  carpenters, 

0*56 
19-70 

100 
0*18 

Itom  this  Table  ws  find  that  60 
cnbic  feet  is  the  day's  work  of  a  man 
digging  and  eanying. 

The  cost  of  digging  and  carrying  1,000  oubio  feet  of  earth,  as  in  the 
last  Table,  was  Rs.  8-13-0,  which  includes  payment  for  Sundays,  when 
no  work  is  done*  Had  Sundays  not  been  included,  the  cost  to  Goyem- 
ment  would  have  been  Rs.  3-d*0« 

In  the  same  manner,  the  cost  of  digging  and  carrying  1,000  oubio  feet 
of  earth,  as  in  Table  I,  was  Bs«  8-12-0;  detailed  as  follows,  yiz«  i-^ 

Snperintending,- 

Digging,  ... 

Cairyittg  by  horses,  •  « 

Greasing  and  oiling  wAgons^ 
Scaffolding       •  .  • 

Total  Bs.t 

» 

TOL.  I,«-TBtRD  BfmoV. 


B.      A. 

P. 

0      1 

10 

1      9 

4 

I    10 

2 

0      2 

2 

0     4 

6 

3    13 

0 

2 
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which  indndes  payment  for  Btmdays.  Had  Sondays  not  been  indadedi 
the  cost  wonld  haye  been  Bs,  8-2-0. 

A  locomotiye  steam  engine  was  also  employed  for  sometime  on  the 
Boorkee  works,  but  it  was  not  found  an  economical  moving  power.  It 
also  proved  inconvenient,  as  it  required  a  line  of  rails  all  to  itself;  since 
it  was  not  safe  to  use  it  on  the  same  line  as  horse  wagons. 

The  rails  on  which  these  wagons  ran  were  inclined  at  a  elope  of  1*5 
feet  per  mile,  down  which  the  wagons  carried  their  load,  returning  empty. 
They  were  formed  partly  of  ^  to  |-inch  bar-iron,  screwed  down  to  longi- 
tudinal sleepers,  which  were  held  in  position  by  cross  bars,  Afterwards 
light  English  rails  were  used  weighing  26  lbs.  to  the  yard,  which  were 
laid  much  in  the  same  way  as  the  others.  These  English  rails  were 
found  decidedly  superior  to  the  others,  causing  less  friction  and  wear 
upon  the  wheels.  But  they  were  considerably  more  expensive  to  begin 
with  and  could  not  be  so  easily  replaced  as  the  bar  rails. 

221.  Boring  Tools.— It  is  frequently  desirable  to  know  the  nature 
of  the  soil  some  distance  below  the  ground.  As  for  instance,  when  a 
deep  cutting  has  to  be  made,  unless  he  knows  whether  he  will  be  required 
to  dig  out  soft  sand  or  rock,  the  Engineer  can  form  no  estimate  of  the 
probable  expense  of  the  worL  Nor  can  he  calculate  what  will  be  the 
cost  of  a  bridge  until  he  knows  how  deep  he  will  have  to  sink  the 
foxmdations  to  obtain  a  firm  substratum. 

The  usual  method  of  obtaining  this  knowledge  is  by  boring  a  vertical 
bole  of  8^  to  4  inches  diameter,  and  bringing  up  specimens  of  the 
materials  met  with  at  various  depths.  The  knowledge  thus  acquired 
is  not  wholly  to  be  depended  on;  as  the  specimens  brought  up  are 
crushed  by  the  action  of  the  boring  tool,  and  sometimes  reduced  to 
paste  by  the  water  poured  into  the  hole  to  keep  the  tool  cool,  and  help 
its  working.  It  may  happen  too  that  the  tool  may  bring  up  a  solitary 
specimen  of  boulder  on  which  it  has  alighted^  and  convey  the  impression 
that  it  is  passing  a  stratum  of  them. 

The  ordinary  boring  tools  are  the  aiaget^  the  worm^  and  the  jumper. 
These  are  made  of  wrought-iron,  Bteeled  at  the  points  and  cutting  edges. 
They  are  about  1^  foot  long,  welded  on  to  an  iron  bar  or  shank  of  about 
an  equal  length,  and  1^  inch  square.  At  the  top  of  the  shank  is  a  screw, 
connecting  it  with  the  lengthening  rode.  These  are  square  bars  usually 
about  10  feet  long,  of  the  same  diameter  as  the  shanki  with  sorewB  at  their 
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ends  by  which  they  can  be  joined  together,  to  any  length  required.  The 
uppermost  rod  is  capable  of  being  hung  by  a  swiyel  and  rope  from  a  tri- 
angle or  shears  set  over  the  boring  hole,  in  order  to  haul  up  the  rods. 

The  auger  which  is  used  for  all  ordinary  earths,  shale,  and  soft  rock, 
is  formed  like  a  hollow  cylinder,  about  d^  inches  in  diameter,  with  an 
open  sharp  edged  slit  slong  one  side  of  it.  It  is  slightly  contracted  at 
the  lower  end,  and  sometimes  has  a  small  special  point  like  a  gimlet 
for  boring  in  soft  rock  It  brings  up  specimens  of  the  earth  in  the  inside 
of  its  cylinder. 

The  worm  is  a  sharp-^pointed  spiral,  used  for  boring  rocks  too  hard  for 
the  auger.  After  the  worm  has  pierced  the  rock,  the  auger  enlarges  the 
hole  and  brings  up  the  fragments.  Both  the  auger  and  worm  are  worked 
by  turning  them  continuously  round  towards  the  right,  by  means  of  a 
cross-head,  about  6  feet  long,  driyen  by  men. 

To  pierce  rock  too  hard  for  the  y^orm^  jumpers  are  used,  see  para.  19« 
They  are  of  yarious  figures,  some  flat  like  a  chisel  with  a  sharp  edge  at 
the  lower  end ;  some  square  with  a  four  sided  point ;  and  some  spear** 
pointed.  The  jumper  is  worked  by  raising  it  to  short  distances,  and  then 
dropping  it,  twisting  it  half  a  turn  round  after  each  blow.  It  is  some* 
times  simply  hung  by  a  rope  instead  of  by  lengthening  rods.  The  anger 
is  afterwards  sent  down  to  bring  up  specimens.  In  boring  through  yery 
soft  ground  a  series  of  iron  pipes  are  sometimes  pushed  down  to  keep  the 
hole  open ;  these  may  be  made  to  screw  one  to  the  other,  so  that  they 
can  be  hauled  up  again. 


CHAPTER    X. 
CUTTINGS. 

222.  Ik  the  last  Chapter,  the  general  operations  of  earthwork^ 
which  are  common  alike  to  cuttings  and  embankments,  were  described. 
In  this  Chapter  it  is  purposed  to  describe  those  speciallj  relating  to 
cuttings. 

.  It  must  first  be  observed  that  as  a  general  rule,  it  is  desirable  to  make 
the  cuttings  and  embankments  on  a  line  of  road,  canal,  &c.,  equal  in  cubio 
contents.  The  object  of  this  is  obviously  that  the  earth  obtained  from  the 
excavations  should  be  made  use  of,  and  should  just  suffice,  for  the  neces- 
sary embankments.  In  the  case  of  roads  and  rail-roads,  excavation  is 
required  at  some  parts  of  the  line,  and  elevation  of  the  road  by  embank- 
ing, at  others.  The  depth  or  height  of  each,  respectively,  become  in  a 
measure  fixed,  when  the  direction  of  the  line  has  been  determined,  and 
are  thereafter  to  a  very  limited  extent  only,  at  the  option  of  the  de- 
signer ;  so  that  exact  conformity  to  the  rule  above  given,  even  when  some 
variations  in  the  width  of  the  works  are  adopted,  with  the  view  of  effect- 
ing what  the  fixed  levels  will  not  admit  of,  becomes  a  matter  of  some 
difficulty  if  not  impracticable. 

In  the  case  of  canals,  excavation  and  embankment  generally  proceed 
side  by  side,  and  the  banks  not  being  necessarily,  with  reference  to  the 
purposes  of  the  canal,  of  any  fixed  height  and  breadth,  may  have  their 
dimensions  that  the  banks  form  no  part  of  the  water  channel,  the  latter 
being  altogether  below  the  original  surface.  It  is  not,  however,  always 
60.  Where  the  ground  is  low,  the  channel  may  be  partly  in  excavation, 
partly  bounded  by  the  side  banks.  A  lower  level  of  country  may  require 
the  bottom  of  the  channel  to  be  on  the  surface  of  the  ground,  its  sides  be- 
ing altogether  formed  by  the  embankment.  Or  again  it  may  happen  that 
the  whole  must  be  raised  above  the  level  of  the  ground,  the  bottom  as  well 
as  the  sides  being  of  ^'  made  earth."  In  the  last  two  cases,  there  being  no 
excaYAtiou  at  those  parts  of  the  line,  provision  must  be  made,  just  as  in 
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the  ease  of  road  and  railway  embankments,  for  obtaining  the  requisite 
amonnt  of  earth  from  elsewhere.  It  will  accordingly  be  arranged  £F  prao* 
ticable  in  laying  ont  the  line,  that  some  adjoining  parts,  traversing  high 
land  and  requiring  to  be  lowered,  shall  supply  from  their  ezcayation!^'  the 
quantity  of  earth  required  for  the  embankments.  When  this  cannot  be 
managed,  or  hot  to  the  required  extent,  the  earth  must  be  procured  from 
what  are  called  side  cuttings ,  excavationB  made  for  this  purpose  on  either  side 
of  the  line.  When  an  ezcayation  supplies  more  earth  than  is  required  for 
the  embankments,  the  superfluous  quantity  is  laid  down  in  a  line,  generally 
parallel  to  the  main  work,  in  any  convenient  position ;  and  this  is  tech« 
nically  called  a  spoil  bank.  Cases  often  occur,  however,  and  especially 
in  a  country  like  India  where  land  is  cheap,  in  whichit  is  more  economictd 
to  make  an  embankment  from  a  side  cutting  close  at  hand,  than  to  bring 
the  earth  from  a  distant  cutting ;  or,  on  the  other  hand,  it  may  be  cheap-> 
er  to  throw  part  of  the  material  from  a  cutting  into  a  spoil  bank  than  to 
carry  it  to  a  distant  embankment.  These  points  must  be  decided  by 
the  Engineer,  to  the  best  of  his  judgment  in  each  case. 

In  England,  previous  to  opening  a  cutting,  it  is  usual  to  strip  off  the 
upper  soil  or  vegetable  mould  from  the  ground  to  the  depth  of  from  8  to 
€  inches,  and  to  preserve  it  for  the  purpose  of  resoiling  the  slopes,  in 
order  that  grass  may  grow  on  them  readily.  If  the  cutting  happens  to 
be  through  grass  land,  the  sods  of  turf  are  taken  off  and  kept  rolled  up 
with  the  grass  inside  in  a  moist  shady  place.  In  this  way  they  may  be 
preserved  for  some  time,  and  take  root  readily  again  in  the  new  slopes. 
22St  A  cutting  in  a  hill  side  of  considerable  height  is  usually  beguui 
Fig.  d.  if  the  earth  will  stand  for  any  time 

with  vertical  sides,  by  cutting  a 
fair  vertical  face  to  the  work  at 
light  angles  to  the  direction  of  the 
cutting.  From  this  face,  vertical 
niches,  as  shown  in  the  figure,  are 
made,  wide  enough  for  one  man  to 
ply  his  pickaxe,  after  which  very 
jittlelabour  is  required  to  separate  the  masses  betwe^  the  niches,  the  earth 
in  the  meantime  being  carried  off  by  baskets,  barrows  or  wagons.  In 
cutting  into  a  vertical  face,  one  excavator  to  a  breadth  of  5  or  6  foet,  is 
about  as  dose  aa  men  can  work  without  getting  into  each  others  way. 
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Figi.  1  and  2|  PiaU  XXIII.,  Bhow  the  conseontiTe  operationB  required 
for  heayy  cutting ;  the  catting  being  supposed  to  start  from  the  left.  As 
the  work  proceeds  into  the  hill,  and  the  width  is  increased  to  provide  for 
slopes,  it  becomes  desirable  to  run  a  gvllet  or  vertical  excavation  wide 
enough  for  one  line  of  temporary  rails  along  the  centre  linci  in  order  to 
bring  the  greatest  number  of  wagons  into  use.  The  wagons  in  the  gullet 
are  filled  either  directly  by  diggers  in  front  of  them,  or  by  barrows  on 
both  sideS;  working  on  a  stage  above  them.  As  the  height  of  the  hill 
increases,  side  tracks  are  laid  down  on  this  second  stage  inclining  down 
to  the  lower  level*  On  these  lines  the  full  wagons  descend  on  one  side, 
and  the  empty  ones  ascend  on  the  other. 

In  executing  a  cutting  in  this  manner,  the  bed  should  always  be  kept 
inclined  upwards ;  so  as  to  allow  of  any  water  which  may  collect  at  the 
bottom,  being  easily  conducted  out  to  the  end  of  the  work.  This  should 
be  done  irrespective  of  the  slope  which  the  formation  bed  is  finally  to 
receive ;  as  it  may  easily  be  adjusted  after  the  cutting  is  carried  right 
through  the  hill. 

It  is  evident  that  many  cases  might  occur  where  the  above  mode  of 
operations  could  not  be  followed,  as  it  might  be  necessary  to  remove  the 
earth  up  out  of  the  excavation  to  the  level  of  the  ground.  This  might  for 
instance  be  the  case  where  a  railway  had  to  be  carried  through  a  long  cut- 
ting ;  and  to  save  time  it  might  be  necessary  to  open  ground  at  interme** 
diate  points  as  well  as  from  the  two  ends.  This,  however,  would  not  often 
happen,  as  the  expense  would  of  course  be  very  much  increased  by  such  a 
proceeding.  In  forming  canals,  however,  in  a  flat  country  like  India,  it 
is  almost  always  necessary  to  raise  the  earth  up  from  its  bed,  as  in  but 
few  cases  would  it  be  possible,  or  at  least  desirable,  to  bring  out  the  bed 
of  the  canal  any  where  to  the.  level  of  the  country. 

224.  Horse  £un.— When  the  bank  up  which  soil  has  to  be  moved  is 
necessarily  very  high  and  steep,  as  for  example,  if  it  should  make  an  angle 
With  the  horizon  of  SO*"  or  40*,  and  is  perhaps  40  or  50  feet  high,  an  expe- 
dient called  a  horse  run^  is  sometimes  resorted  to.  That  is,  two  tracks  of 
planks  are  placed  upon  the  slope,  and  fixed  there  by  stakes  driven  into  the 
ground  and  nailed  or  spiked  to  the  planks.  These  tracks  should  be  placed 
at  a  distance  asunder  that  rather  exceeds  the  depth  of  the  excavation* 
Opposite  the  top  of  each  track  a  post,  with  a  large  iron  sheave  or  pulley 
fixed  to  it|  is  firmly  let  into  the  ground.    The  wheel-barrows  used  are  oC 
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ibe  same  constructions  as  those  before  described,  bnt  mncb  deeper  and 
larger,  and  a  strong  iron  staple  is  fixed  in  the  front  of  each  for  receiving 
the  hook  of  a  rope  passing  from  the  barrow  in  the  bottom,  up  the  slope 
throngh  the  two  sheaves,  and  terminating  in  a  hook  at  the  second  barrow 
upon  the  top  of  the  slope,  in  snch  manner  that  the  npper  barrow  cannot 
be  lowered  without  bringing  np  the  lower  one,  and  vice  versd*  A  straight 
liorizontal  horse-track  is  formed  jnst  behind  the  posts,  extending  from 
one  to  the  other  of  them,  and  a  strong  iron  ring  being  lashed  to  that 
portion  of  the  rope  that  is  constantly  between  the  two  posts,  the  traces 
of  a  horse  are  hooked  into  it,  andasthe  animal  is  driven  backwards  and  for- 
wards, he  will  elevate  one  and  depress  the  other  of  the  barrows  alternately. 
The  lower  barrow  being  detached  from  its  rope,  is  placed  where  it  may  be 
loaded  with  soil,  when  it  is  wheeled  to  the  foot  of  the  inclined  plane,  and 
the  rope  being  hooked  on  to  it,  a  signal  is  given  to  the  driver  above  to 
start  the  horse,  when  he  draws  the  loaded  barrow  np  the  slope,  a  man 
following  behind  at  the  handles  to  gnide  it,  and  keep  the  barrow  legs 
above  the  ground.  While  the  loaded  barrow  is  thus  ascending,  the  empty 
one  descends,  guided  in  like  manner  by  the  man  who  had  before  accom- 
panied it  upwards,  his  weight  and  that  of  his  barrow  compensating  nearly 
for  the  man  and  barrow  ascending  on  the  other  track.  The  ascending 
man  has  to  walk  in  a  direction  nearly  perpendicular  to  that  of  the  inclined 
plane,  so  that  he  can  exert  no  strength  or  muscular  action  to  assist  the 
barrow  in  its  ascent;  but,  on  the  contrary,  a  large  portion  of  his  weight 
is  added  to  that  of  the  barrow ;  but  this  is  compensated  by  the  descending 
man,  who  comes  with  his  face  forwards,  and  by  hanging  on  to  the  arms 
of  his  barrow,  throws  his  weight  upon  it  so  as  nearly  to  equalize  the 
weight  of  the  ascending  barrow. 

The  horse  run  is  a  slow  and  expensive  method  of  raising  soil,  and  one 
that  should  not  be  resorted  to  except  in  cases  of  necessity ;  but  with  all 
its  advantages,  it  is  cheaper  than  common  barrow  work  when  the  exca^ 
vation  becomes  deep,  because  then  the  plank  track  must  be  made  so  very 
long  for  procuring  the  necessary  gradual  slope,  that  it  increases  the  num- 
ber of  sloping  or  short  stages  to  such  an  extent  as  to  be  very  expensive. 

iSta^ef.— 'Another  mode  of  raising  soil  out  of  deep  excavations,  without 
a  horse  run,  is  by  what  is  called  coBting  up  hy  stages.  A  scaffolding  is 
formed  with  as  many  boarded  platforms,  at  5  feet  above  each  other,  as  will 
teach  the  required  height.    They  are  placed  one  beyond  the  other  like  the 
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steps  of  a  stair-CAse,  and  a  man  with  a  shoyel  is  plaeed  on  each.  The 
lowest  man,  who  digs  the  soil,  throws  it  by  his  shovel  on  to  the  lowest 
stage,  and  the  man  stationed  there  deliyers  it  in  like  manner,  on  to  the 
stage  next  above  him,  and  so  on  in  snecession,  nntil  it  reaches  the  surface. 
This  method  is  sometimes  resorted  to,  but  is  a  very  slow  one,  and  not  to 
be  recommended. 

220.  sups  in  earthworks,  both  excavations  and  embankments,  and 
failures  in  retaming  walls  are  in  the  great  majority  of  instances  attribu* 
table  to  defective  drainage.  This,  therefore,  is  a  point  requiring  the  most 
particular  attention.   Arrangements  must  be  nxade  for  allowing  the  water 

■ 

falling  on  the  surface  of  eaithworks  to  flow  freely  away,  and  every  possi* 
ble  receptacle  of  drainage  from  the  neighbourhood,  or  collection  of  water, 
however  apparently  insignificant,  must  be  carefully  looked  to,  and  provi- 
sion made  for  carrying  the  water  off  or  preventing  its  accumulation. 
Water  falling  on  the  slopes  should  be  received  in  what  are  called  catch" 
water  drain9f  at  the  foot  of  the  bank ;  and,  if  necessary,  higher  up  also  on  the 

slope  {$€6  figure) ;  and  these  drains 
must  be  so  directed  as  to  carry  the 
water  away  from  the  works.  Spade 
cuts  or  channels  passing  obliquely 
from  the  summit  of  a  slope  to  these 
drains,  so  as  to  form  a  repeated  out* 
line  of  the  letter  V  on  the  face  of 
the  banks,  are  generally  sufficient  to 
complete  the  surface  drainage.  Should  theland  slope  towards  the  cutting, 
a  catch-water  drain  is  also  necessary  at  the  top  of  the  slope,  to  exclude 
from  the  excavation,  water  draining  off  or  flowing  from  it.  These  catch' 
water  drains  are  usualy  open  ditches  from  8  to  4  feet  wide,  and  from  2 
to  3  feet  deep.  In  like  manner,  measures  must  be  taken  to  prevent  the 
admission  of  water  to  the  back  of  revetment  walls,  or  to  ensure  its  free 
escape.  The  drains  provided  for  the  revetments  of  cuttings  are  sometimes 
united  with  those  in  the  bottom  of  the  excavation,  sometimes  carried  off 
independently,  as  the  nature  of  the  works  or  form  of  the  ground  renders 

most  convenient. 

226«  Dratns,-- For  the  drainage  of  roads  and  railroads  in  cuttmgs,  the 
mosteconomicalandefficient  method  is  the  construction  of  open  side  drains, 
from  6  inches  to  3  feet  deepi  reoeiving  all  the  surfaee  water  and  oanying 
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Hi  off  to  tbe  ends  of  the  ezcavation.  Care  should  be  taken  not  to  pnt  these 
Bide  drains  too  closely  nnder  the  slope,  otherwise  they  may  cause  the  slope 
to  slip,  and  they  themselves  may  be  crushed  ot  choked  by  it.  When  econo- 
my of  space  is  an  object,  and  the  width  of  the  cutting  cannot  conveniently 
admit  of  these  open  side  drains,  they  are  dispensed  with  by  employing  in- 
stead, a  central  underground  drain  about  2^  feet  below  the  surface,  with 
which  branches  communicate  at  intervals,  conveying  into  it  the  surface 
Fig.  1 .  Fig,  2.    Fig,  8.    drainage.   The  mostfrequentform 

of  these  central  drams  is  cylindri- 
cal, and  such  are  called  harrd 
drains.  They|are  also  sometimes, 
when  only  required  to  be  of  small 
size,  made  of  semi-cylindrical  tiles ;  sometimes  of  stones  laid  as  in  Pig.  1. 
Fig.  2  represents  the  section  of  a  barrel  drain ;  Fig.  8  a  section  through 
one  of  the  heads  of  the  drain  covered  with  an  iron  grating. 
Fig.  4  represents  the  section  of  a  cutting  having  an  open  side  drain  for 

the  excavation  itself,  and 

Fig.  4.  ^.-^^  a  central  barrel  drain  for 

the  reception  of  the  sur- 
II  face    water    from    the 

ground  above  and  behind 
the  revetment.  Fig.  5 
is  the  section  of  a  rail- 

O  V  r ^  /  ^V  cutting  without  side 

drains,  the  surface  water 
being  directed  into  the  central  drain  by  the  invert  u    If  the  water  which 
Fig.  5. 

Fig.  6. 


has  access  to  the  back  of  a  retaining  wall  cannot  all  be  carried  o£f  by  drains 
on  the  surface,  it  may  be  necessary  to  open  communication  between  the 
earthwork,  and  the  open  cutting,  by  piercing  the  revetment;  as  shown 
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in  Pig.  6,  which  ia  the  section  of  retaining  wall  on  the  line  of  the  London 
and  Binningham  Bailway.  The  drains  in  this  instances  are  iron  pipes* 
In  order  to  keep  hill  roads  free  from  water,  and  abo  to  presenre  their 
onter  edges,  it  is  recommended  to  give  the  snrface  a  slight  inclination 
towards  the  inner  or  hill  side ;  along  which  will  ran  the  drain  receiying 
both  the  snrface  water  of  the  road,  and  that  of  the  lull  aboye.  The  water 
thns  receiyed  is  passed  into  ooyered  masonry  drains  crossing  nndemeath 
the  road  to  the  onter  side,  and  is  so  carried  off.  These  cross  drains  are 
constmeted  at  interyals  in  conyenient  positions ;  large  ones  being  always 
bnilt  in  the  re-entering  angles,  which  mark  the  courses  of  natural  streams, 
themselyes  requiring  an  exit  to  the  yalley  below. 


CHAPTER    XI. 
EMBANKING  AND  PUDDLING. 

887.  Thb  best  materials  for  embanbnents  are  those  whose  friciional 
stability  is  the  greatest  and  most  permanent,  such  as  shiyers  of  rock^ 
shingle,  grayel,  and  clean  sand.  Wet  clay,  yegetable  mould  and  mud, 
are  eyidently  nnfit  for  embankments. 

Embankments  may  be  made  in  three  ways— 1st,  In  one  layer ;  2nd,  In 
two  or  more  thick  layers ;  8rd,  In  a  succession  of  thin  layers.  The  first 
is  the  cheapest  and  qnickest  method,  and  is  the  one  followed  in  most 
cases  where  there  is  no  special  reason  to  the  contrary.  The  earth  is 
raised  at  once  to  its  fall  height,  throwing  it  down  from  the  commence- 
ment of  the  embankment ;  and^as  the  work  proceeds,  from  the  extremity 
of  the  completed  portion.  The  objection  to  this  method  is,  that,  not 
haying  been  rammed,  the  earth  is  snbjecl  to  a  greater  amonnt  of  settle- 
ment, and  after  completion  of  the  work,  takes  longer  time  to  settle  per- 
manently than  if  fonned  in  courses  and  rammed.  A  road  or  other  work 
constructed  on  the  surface  of  banks  so  formed,  immediately  after  com- 
pletion, will  be  liable  accordingly  to  subsequent  derangement  and  injury. 
There  is  not  the  same  objection  to  the  use  of  this  method,  when  the 
earthworks  are  to  be  allowed  to  stand  for  a  length  of  time  before  being 
used  for  their  ultimate  purpose.  To  accelerate  the  construction  of  an 
embankment,  the  top  breadth  is  sometimes  made  greater  than  it  is  to  bo 

Fig.  1. 
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ey  ^tually ,  so  that  room  is  afforded  for  bringing  forward  a  greater  nuza- 
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ber  of  earth  wagons.  The  bank  is  afterwards  reduced  to  its  proper 
form  and  dimensions,  by  catting  away  the  superflnons  earth  at  the 
sides.  Should  a  railway  be  employed,  in  such  an  instance  as  that  repre- 
sented in  the  figure,  it  is  to  be  observed  that  there  is  no  occasion  to  lay 
down  four  lines  of  rail  in  order  to  give  four  wagons  abreast  at  the  head  of 
the  embankment.  Two  lines  only,  are  usually  laid  down,  haying  each  two 
termini,  and  what  is  called  a  double  crossing,  as  represented  in  the  figure, 
by  means  of  which,  four  full  wagons  brought  in  train  along  one  line,  can, 
at  the  end|  be  all  brought  to  the  front,  and  return  empty  along  the  other 

Fig.  2. 


line  of  rail— as  will  be  readily  comprehended  by  reference  to  the  figure. 
Where  the  embankment  is  not  to  be  very  broad,  no  tipping  over  the  sides 
should  be  allowed ;  for  the  earth  so  tipped  is  liable  afterwards  to  slip  off. 
228.  The  second  method  in  use  for  forming  embankment,  (without 
the  objections  to  which  the  above  mode  is  liable,)  is  to  make  the  bank 
of  half  the  proposed  height  at  first ;  the  greater  breadth  of  surface  at 
the  lower  stage  affording  an  enlarged  space,  admitting  of  the  employ- 
ment, in  a  similar  manner  to  that  described  above,  of  a  greater  number 
of  earth  wagons  than  could  be  brought  to  the  front  at  one  time  on 
the  top  of  the  embankment  (when  of  the  full  height).    The  layer  is  then 

Fig  8, 
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left  for  some  time  to  settle  before  commencing  another^    Ihis  systeia 
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inyolTes  mtLcb  additional  time  and  labour,  and  is  seldom  employed.  It 
is,  however,  useful  in  making  embankments  of  bard  clay  or  sbale,  wbich 
consist  at  first  of  angular  lumps  which  do  not  form  a  compact  mass  until 
partially  softened  and  broken  down  by  the  action  of  the  air. 

229.  The  third  mode  is  to  be  preferred  as  ensurmg  the  greatest 
density  and  stability,  though  more  slow  and  expensive  than  either  of  the 
above,  namely  laying  down  the  earth  in  successive  layers,  from  6  to  12 
inches  in  thickness,  each  being  well  rammed  before  the  next  is  laid  down. 
It  is  recommended  to  make  these  layers  concave,  this  construction  having 
been  found  to  contribute  greatiy  to  the  prevention  of  slips  in  new 
embankments. 

Fig.  4. 


This  being  a  tedious  and  labourious  process  is  used  only  in  special 
cases,  such  as  the  filling  in  behind  retaining  walls,  and  in  making  sides 
of  canals,  or  embankments  for  tanks,  for  which  purposes  it  should  always 
be  adopted. 

230.  When  the  height  of  an  embankment  is  greater  than  15  feet,  it 
has  been  recommended  to  make  it  in  two  portions,  one  on  each  side  of  the 
ground  to  be  covered ;  leaving  a  valley  in  the  middle ;  this  being  after- 
wards filled  in,  will  be  prevented,  by  the  first  raised  embankments,  from 
spreading  unnecessarily,  thus  causing  an  earlier  solidification  of  the  mass, 
and  a  smaller  expenditure  of  material  carried  and  of  ground  occupied. 

Somewhat  on  this  principle  was  the  great  embankment  for  the  Bolani 
Aqueduct  at  Boorkee  formed.  Trenches  were  first  dug  to  the  right  and 
left  of  the  line  188  feet  by  5^  feet  deep,  {Fig.  1,  Plate  XXIV.,)  and  the 
earth  from  them  was  thrown  on  the  centre  so  as  to  form  a  nucleus  for  the 
raised  embankment  which  was  to  constitute  the  bed  of  the  canal.  The 
earth  was  so  thrown  as  not  to  interfere  with  the  building  of  the  two  side 
revetments.  On  the  central  embankment,  thus  raised,  a  railv^ny  was  laid 
on  which  trucks  plied|  and  as  it  progressedi  lateral  flanks  aa^  {Fig.  2;) 
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were  raiBed  to  a  level  with  the  ndlroad  for  carrying  the  earth  to  the  em- 
bankments in  rear  of  the  reyetments,  or  as  far  back  as  the  line,  hb, 
{Fig.  8).  These  side  roads,  aa,  occurred  at  intervals  of  200  feet,  and 
hollows  were  thus  left  between  them  which  acted  as  reservoirs  for  receiv- 
ing rain  water.  By  this  means  moisture  was  distributed  by  absorption 
and  the  whole  banks  settled  and  became  consolidated*  In  this  manner 
the  work  went  on  for  five  years,  when  the  holes  wpre  filled  in  and  the 
whole  embankment  was  completed  up  to  the  level  of  the  railroad.  The 
two  side  banks,  were  then  raised  to  their  full  height,  the  earth  being 
carried  in  trucks  as  stated  in  the  last  Chapter,  and  the  work  was  com- 
pleted. The  outside  slopes  were  1^  to  1,  and  the  upper  surface  of  the 
embankments  outside  the  revetments  was  80  feet  broad. 

231 .  In  adjusting  with  precision  the  dimensions  of  earthworks,  with  a 
view  to  the  exact  equalization  of  excavations  and  embankments,  it  must 
be  borne  in  mind  thatearth  formed  into  an  embankment,  being  compressed 
by  ramming  in  the  course  of  construction,  occupies  less  space  than  before 
excavation.  The  following  Table  shows  the  result  of  the  comparative 
measurements  of  some  works  of  this  kind  in  different  description  of  soil  :^- 


Natare  of  soli. 

Amonnt  ot 
excavatlaa. 

Gontentii  of 

00MPBK8SIOS.            1 

Actnal. 

ProportloiiAl. 

• 

Clayey  soil,        •• 

Another  do. 

Light  sandy  soil,          •  •        •  • 

On  the  whole,    ••        •• 

cable  yuda. 
6.970 
25,975 
10,701 

cable  jaidjk 
6,262 
28,571 
9.817 

cable  yarda. 

708 
2,404 
1,384 

0-1015 
00925 
01298 

43,646 

89,150 

4,496 

01080 

the  total  compression  amounting  to  above  one-tenth  of  the  earth  excava- 
ted. Gravelly  earth  was  found  to  be  compressed  about  1-1 2th.  Bock, 
on  the  other  hand,  can  never  in  embankment  be  made  to  assume  so 
small  a  bulk  as  before  excavation. 

All  made  earth  is  liable  to  seUle^  that  is,  the  surface  to  sink,  and  the 
whole  volume  to  contract,  after  completion  of  the  work.  The  amount  of 
settlement  depends  on  the  nature  of  the  soil  the  height  of  the  work,  and 
the  method  in  which  it  was  formed.  It  will  be  less  if  the  earth  has  been 
well  rammed ;  and,  in  works  of  different  dimensions  all  other  circumstan- 
ces being  alike,  it  has  been  found  to  vary  nearly  as  the  cube  of  the  height. 
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882.  Of  embankments,  as  have  been  noticed  beforOi  the  side-slopes 
mnst  be  less  inclined  than  tliose  of  ezcayations  in  soil  of  the  same  char* 
acter^  the  earth  haying  been  loosened  and  so-rendered  incapable  of  rest- 
ing freely  at  the  same  high  inclination  at  which|  wlule  undisturbed  in  its 
original  position  in  the  ground,  it  may  be  made  to  stand.  An  earthen 
embankment  accordingly,  it  may  be  inferred,  should  have  slopes  corres- 
ponding to  the  angle  of  repose  of  the  particular  soil  of  which  it  is  made^ 
and  this  should  be  the  case  to  ensure  stability,  though  the  slopes  are 
often  made  steeper  from  considerations  of  expense*  In  all  cases  where 
embankments  are  exposed  to  the  action  of  water,  especially  if  agitated 
by  wind,  as  in  the  ease  of  a  Sea  Dyke,  the  exposed  slopes  should  be  Teiy 
long  and  flat,  say  5  to  1. 

288.  All  side-slopes,  whether  of  excavations  or  embankments,  which 
it  is  desired  to  presenre  permanently  at  a  uniform  inclination,  shoxdd,  on 
completion,  be  faced  in  some  manner  to  protect  them  from  the  weather; 
and,  in  the  case  of  artificial  channels,  dykes,  &c.,  from  the  action  also  of 
water.  Grassing  the  surface  with  whole  turf  or  with  a  ooyering  of  stiff 
day  is  a  usual  method.  When  sods  cannot  be  procured,  it  is  expedient  to 
plant  the  ground  with  dub  grass.  A  coyeiing  of  brushwood,  fascines,  or 
of  hurdles,  is  also  used  in  some  cases  with  good  effect,  and  in  Holland 
ropes  of  straw  or  grass  are  pegged  down  ^so  as  to  oover  the  whole 
surface,  a  measure  often  applicable  in  India.  Large  thin  slabs  of  stone 
laid  on  the  slope  are  in  frequent  use  in  the  Bombay  Presidency  for  pro- 
tecting the  sides  of  roads,  embankments,  &c  The  sides  of  cuttings 
through  rock  of  a  slaty  structure,  which  shows  a  tendency  to  break  on 
the  surface,  and  to  slip,  may  be  cat  in  rough  steps,  instead  of  «  slope, 
and  these  if  necessary,  afterwards  ooyered  with  earth  and  grassed. 

S84b  The  principal  matter  to  be  guarded  against  in  new  embank- 
ments is  not  permitting  large  quantities  of  rain  or  other  water  to  sink  into 
them ;  because  as  new  work  is  always  more  or  less  porous  and  absorbent, 
it  readily  admits  water  to  mix  with  the  soil,  and  this  renders  many  kinds 
of  earth  so  soft  as  to  make  it  incapable  of  bearing  the  superincumbent 
pressure.  The  bottom  soil  is  thus  made  to  sink  or  settle  more  rapidly 
than  that  aboye  it,  and  the  upper  work^  by  subsiding,  is  thrown  out  of 
fomii  and  large  portions  of  the  front  of  surface  work  often  slide  or  sfip 
down  the  slopes,  producing  ugly  and  detrimental  hollows,  called  ri^, 
which  are  frequently  difficult  to  repair.    Such  accidents  may  be  preyented 
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by  adopting  a  very  shallow  slope  wlien  working  in  soil  that  appears  to 
threaten  their  occnrrence,  and  carefnlly  providing  drams  or  gntters  on  the 
top  of  the  work,  with  sufficient  fall  to  carry  the  water  away  rapidly,  or 
before  it  has  time  to  settle  into  the  new  work.  A  catch-water  drain  will 
also  be  necessary  along  the  foot  of  an  embankment  if  there  is  any  danger 
of  water  draining  off  to  the  adjoining  lands  and  sapping  the  foundation  of 
the  work. 

When  the  natural  ground  has  a  steep  side-long  slope,  it  is  in  general 
necessary  to  cut  its  surface  into  steps  before  making  the  embankment,  in 
order  that  the  latter  may  not  slip  down  the  slope.  The  best  position  for 
these  steps  is  to  make  their  surfaces  at  right-angles  to  the  direction  of  the 
pressure  of  the  earth  upon  them.  They  should,  at  any  rate,  incline  to  the 
horizon,  if  anything,  in  an  opposite  direction  to  the  slope  of  the  natural 
ground. 

236.  When  the  earth  is  so  soft  that  an  embankment  made  in  the 
ordinary  way  would  sink  in  it,  different  expedients  are  employed  accord- 
ing to  the  degree  of  difficulty  to  be  overcome.  It  may  be  sufficient  to  dig 
side  drains  parallel  to  the  site  of  the  intended  work,  and  so,  by  carrying 
off  all  the  water,  consolidate  the  ground  lying  between  them.  Sometimes 
it  may  be  advisable  to  dig  out  the  soft  ground,  and  make  a  regular  foun- 
dation of  stable  material  on  which  the  embankment  wiU  stand.  Or,  if  the 
soft  ground  has,  at  no  very  great  distance  beneath  the  surface,  a  firm 
substratum,  a  foundation  of  stones  or  gravel  may  be  laid  going  right  down 
to  this  basis.  Sometimes  the  earth  is  compressed  and  consolidated  by 
driving  short  piles  into  it. 

In  the  celebrated  example  of  Chatmoss,  which  was  from  10  to  84  feet 
deep,  containing  nearly  double  its  bulk  of  water,  (George  Stephenson 
formed  a  secure  foundation  for  heavy  rulway  traffic  at  a  cost  below  the 
average  of  the  other  parts  of  the  line  in  the  following  manner :— Drains 
were  cut  about  every  5  yards  apart,  and  when  the  moss  between  them  was 
quite  dry  it  was  used  for  the  embankment.  On  this  were  laid  hurdles 
either  in  single  or  double  layers ;  and  over  them  the  ballast.  By  thorough 
draming  in  this  way,  cuttings  as  deep  as  9  feet,  and  embankments  as  high 
as  12  feet,  were  formed  in  a  quagmire  in  which  an  iron  rod  would  sink 
with  its  own  weight. 

286*  Notwithstanding  an  embankment  may  in  many  cases  be  formed 
without  expense,  still  it  generally  happens  that  some  additional  labour  or 
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eare  has  to  be  bestowed  upon  the  work,  for  which  a  remuneration  is  always 
allowed.  Thus,  all  removal  of  soil  is  paid  for  according  to  the  distance 
it  is  carried,  and  if  that  distance  should  be  increased  by  forming  an  em- 
bankment, instead  of  throwing  the  earth  at  the  sides  of  the  work  as  it 
proceeds,  this  would  constitute  a  fair  item  of  charge. 

Agam,  should  the  earth  be  required  to  stand  against  water,  as  stated 
before,  it  should  be  laid  in  regular  layers  or  strata,  and  rammed,  ot  punned^ 
in  order  to  break  the  lumps  and  make  the  work  more  solid  and  compact ; 
and  this  is  an  additional  charge.  The  punning  is  performed  by  rammers 
of  cast-iron*  or  wood  hooped  with  iron  to  preyent  their  splitting,  and 
worked  by  men ;  when  adopted,  the  courses  of  earth  should  neyer  exceed 
9  inches  in  thickness,  otherwise  the  blows  of  the  rammer  will  have  little 
or  no  effect  on  the  under  part  of  the  stratum ;  and  whether  the  operation 
of  punning  is  performed  or  not,  it  is  impossible  for  the  workmen  to  wheel 
and  deliyer  the  soil  on  to  an  embankment  with  the  same  nicety  and  pre- 
cision as  to  form,  as  can  be  obtained  in  ezcayating  soil  from  the  earth. 
All  embankments,  therefore,  must  be  rugged  and  uneven  when  first  form- 
ed, and  they  require  what  is  called  irimmingy  to  reduce  them  to  even 
and  fair  surfaces.  The  trimming  consists  of  filling  up  hollows  and  cut- 
ing  off  protuberances,  and  this  accordingly  is  charged  separately,  at  apnea 
agreed  upon  and  regulated  by  the  superficial  measure  of  the  surface  of 
the  embankment,  instead  of  its  solid  contents.  The  same  kind  of  trim- 
ming takes  place  upon  the  surface  of  all  excavations,  but  it  is  never  made 
a  separate  charge,  being  included  in  the  price  for  doing  the  work  and  con- 
sidered as  a  necessary  finish  to  it. 

237.  PuDDLiNa.— If  the  excavation  or  embankment  is  intended  to 
hold  or  retain  water,  another  process,  called  Puddling^  may  be  requisite. 
Some  natural  soils  are  of  a  nature  capable  of  holding  water  without  any 
artificial  assistance,  and  clay  or  loam  are  of  this  character ;  others  again, 
as  sand  or  gravel,  and  the  debris  of  stony  rocks,  absorb  all  the  water  that 
may  be  deposited  above  them,  or  they  permit  it  to  percolate  or  run 
through  them.  This  likewise  is  the  case  with  almost  all  artificial  embank- 
ments when  first  made,  even  though  they  may  have  been  punned  in  their 
courses  and  every  pains  taken  in  their  construction  ;  and  as  it  is  a  matter 
of  great  importance  in  the  construction  of  navigable  canals,  that  they 
should  retain  and  hold  all  the  water  thrown  into  them,  particularly  where 

•  OafUSron  nasMn,  ^weighing  19  lbs.  an  lappUfld  At  Um  Boorlm  Workd^ 
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water  is  scarce,  or  iheit  elevation  is  such  that  the  escape  of  it  might  prove 
detrimental  to  the  adjoining  lands,  and  as  no  canal  can  be  formed  without 
raised  embankments  in  some  parts  of  it,  so  strict  attention  to  the  process 
of  pnddUng,  by  which  alone  the  escape  of  water  can  be  prevented,  is  of 
the  greatest  importance. 

No  cheap  and  common  material  is  fonnd  to  oppose  the  filtration  and 
passage  of  water  so  effectnally  as  a  soft  loamy  clay,  when  it  is  well 
worked  or  kneaded  into  a  soft  paste  with  water,  and  is  not  permitted  to 
dry  again.  Even  if  a  little  fine  gravel  is  mixed  with  the  clay  it  seems  to 
hold  better,  bnt  this  can  only  arise  from  the  small  stone  assisting  in  the 
kneading  process.  The  silt  or  natural  deposit  of  tidal  rivers  is  also  an 
excellent  material,  bnt  stiff  or  strong  and  plastic  clay  does  not  answer;  or 
rather,  it  takes  more  time  and  labour  to  bring  it  to  the  proper  consistency 
than  can  be  afforded,  as  after  it  has  been  worked  in  a  pug-mill,  it  forms 
an  excellent  material  for  stopping  water.  Puddling  is  nothing  more 
than  lining  the  bottom  and  banks  of  canals  or  reservoirs  with  this  pre- 
pared clay  or  loam  so  as  to  enable  them  to  hold  water  effectually,  and 
the  only  difficulty  is  in  the  mode  of  doing  so  effectually.       * 

238.  The  ordinary  method  resorted  to  in  England  for  rendering  ponds 
water-tight,  after  they  have  been  formed  in  soil  that  will  not  hold  wa- 
ter, is  to  line  them  to  a  thickness  of  from  six  inches  to  a  foot,  with  day 
beaten  up  with  water  and  wheat  or  rye  straw  (bhuaA)  by  a  hoe,  and  then 
to  apply  it  as  a  plaster,  as  soon  as  it  has  become  sufiSciently  dxy  to  prevent 
its  slipping  or  sliding  down.  It  remains  exposed  to  the  air  a  few  days, 
in  order  that  the  outer  surface  may  becomd  dry  enough  to  maintain  its 
form,  and  then  the  water  should  be  let  in  upon  it,  so  as  to  fill  it,  and  if 
well  executed,  it  will  generally  prove  water-tight.  It  is,  however,  by  no 
means  a  good  or  effectual  process  unless  there  is  the  certainty  of  the  pond 
always  remaining  equally  full,  and  of  the  water  not  being  disturbed  by 
cattle  going  into  it  to  drink,  or  other  causes.  A  perfect  adhesion  seldom 
takes  place  between  the  natural  soil  and  this  lining ;  consequently,  if  it 
is  disturbed,  it  will  gradually  give  way  and  subside  to  the  bottom  of 
the  reservoir,  thus  leaving  the  old  surface  of  the  ground  in  contact  with 
the  water.  If  the  height  of  water  is  subject  to  change,  a  considerable 
portion  of  the  top  of  the  lining  becomes  exposed  to  the  sun,  and  in  drying 
will  crack  and  open  through  its  whole  thickness,  thus  permitting  the 
water  to  escape  when  the  pond  becomes  full  again.    This  may  be  partly 
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preyented  by  coyeriDg  the  upper  part  of  the  lining  with  sods  or  torfs  of 
grass,  bat.  as  the  grass  will  not  grow  and  thriye  under  the  water,  it  only 
affords  protection  to  the  npper  part. 

289.  The  only  means,  therefore  of  using  a  puddle  lining  efieciually 
i^  to  enclose  it  within  the  bank  in  such  a  manner  that  it  is  supported  by 
earth  on  both  sides,  is  kept  constantly  moist,  is  neyer  exposed  to  the  sun 
or  external  air,  or  indeed  to  disturbance  of  any  kind,  and  then  it  will  last, 
and  be  eff'ectiye  for  eyer ;  and  such  is  the  process  that  should  constantly 
be  resorted  to  in  puddling  the  banks  of  canals.  This  is  done  by  forming 
what  is  technically  called  a  puddle-gutter  in  the  bank,  but  the  manner  in 
which  this  must  be  made  must  depend  upon  the  nature  of  the  soil  to  be 
dealt  with.    Thus,  suppose  in  the  portion  of  canal  represented  in  the 


wood-cut  that  the  soil  bounded  by  the  original  surface  line  hi,  should  be 
clay  or  any  earth  that  is  capable  of  retaining  water,  there  will  be  no  ne- 
cessity for  puddling  any  part  of  the  work,  except  the  newly  formed  bank, 
krqn,  which  is  wholly  aboye  the  surface  and  may  require  securing.  In 
this  case  as  the  natural  soil  is  good,  it  will  only  be  necessary  to  form  a  pud- 
dle within  the  bank,  the  transyerse  section  of  which  is  shown  by  the  lines 
uzqpy  and  for  this  purpose  an  excayation  must  be  made  longitudinally 
in  that  bank  like  a  foundation  or  opening  for  building  a  wall ;  and  such 
an  excayation  is  called  a  puddle-gutter.  It  must  extend  from  the  top  of 
the  bank  down  to  the  natural  surface,  and  eyen  penetrate  at  least  a  foot 
or  18  inches  into  it,  and  must  be  wide  enough  for  a  man  to  work  con- 
yeniently  in  it,  the  usual  width  being  from  80  inches  to  3  feet. 

All  the  preyiously  contained  soil  haying  been  thrown  out,  the  process  of 
puddling  begins.  This  is  performed  in  England  by  a  man  using  a  scoop- 
tool,  like  Fig.  2,  page  241,  and  wearing  a  pair  of  yery  thick  and  strong 
boots  made  for  the  purpose,  called  puddling-boots.  They  come  aboye  the 
knee  and  should  be  imperyious  to  water^  like  the  high  boots  usually  woru 


S68  BMBANKIHa  AHD  PUDDLIHO. 

by  fishennen.  Natires  of  India  dispense  with  the  use  of  boots,  pnddlmg 
with  their  naked  feet.  The  ground  is  loosened  in  the  bottom  by  the 
scoop,  bat  is  not  thrown  out ;  that  done,  a  pretty  copious  supply  of  water 
is  sent  into  the  puddle-gutter  by  buckets  or  a  temporary  pump,  and  the 
workmen,  by  pressing  down  the  scoop  tool,  and  walking  backwards  and 
forwards  in  the  puddle-gutter,  reduce  all  the  natural  soil  that  has  been 
distributed  into  a  state  of  very  soft  mud  or  slush,  as  it  is  called.  This 
is  done  for  the  purpose  of  producing  an  intimate  union  and  incorporation 
between  the  natural  soil  and  the  puddling-stufif  to  be  afterwards  added. 
The  puddling-stufif  is  now  brought  in  barrows  and  cast  into  the  gutter, 
to  be  treated  in  the  same  manner ;  a  copious  supply  of  water  must  con- 
stantly be  given ;  and  the  more  the  stufif  is  trod  and  worked  by  the  feet 
and  scoop  the  more  perfect  the  puddle  will  be.  Nothing  is  found  to  an- 
swer the  purpose  so  efifectually  as  treading  with  the  feet,  and  the  layers 
of  puddling-stufif  should  never  exceed  9  inches  in  thickness  without  being 
trodden  and  worked.  The  stufif  should  be  kept  so  wet  that  the  feet  sink 
in  8  or  9  inches  at  every  step,  and  the  same  operation  is  continued  until 
the  puddle-gutter  is  fiUed  to  the  top,  or  at  any  rate  to  a  greater  height 
than  that  at  which  the  water  in  the  canal  or  reservoir  will  stand.  Dry 
earth  is  then  placed  over  the  top  of  the  puddling,  to  protect  it  from  the 
Bun  and  air,  while  the  body  of  it  is  sure  to  be  kept  moist  by  the  water 
that  percolates  through  the  inner  part  of  the  bank. 

When  the  necessity  of  puddling  is  ascertained  before  the  work  is  com- 
menced, the  puddle-gutter  may  be  formed  by  a  less  expensive  method 
than  that  just  described  ;  because,  instead  of  excavating  it  in  the  bank 
after  it  has  been  finished,  it  may  be  left  vacant  while  the  bank  is  form- 
ing, or  in  other  words,  the  embankment  may  be  formed  in  two  separate 
parts,  as  pnq  and  kzru ;  and  to  prevent  the  gutter  falling  in  and  getting 
filled  with  the  materials  of  the  bank,  the  puddling  process  may  go  on 
simultaneously  with  it,  so  that  the  whole  may  by  kept  nearly  at  the 
same  level. 

240.  It  frequently  happens  that  the  whole  of  a  reservoir  or  portion 
of  a  canal,  may  be  upon  sand,  gravel,  or  some  soil  that  will  not  contain 
water  in  any  part;  and  then,  of  course,  partial  puddling  would  be  inefifec- 
tual,  and  the  whole  surface  must  be  made  secure.  Under  such  circum- 
stances it  would  not  even  be  safe  to  puddle  the  bottom  and  make  puddle- 
gutliers  round  the  banks,  because  if  the  banks  themselves  were  of  porous 
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or  non-retentiTe  materials,  and  they  stood  upon  soil  of  the  same  charao* 
ter,  the  water  would  percolate  through  them  and  escape.  In  snch  a  case 
therefore,  the  paddling  must  mn  under  the  foundations  of  the  hanks  and 
rise  almost  perpendicularly  behind  them  so  that  the  work,  instead  of  be- 
ing excavated  or  formed  with  sloping  banks  in  the  first  instance,  must  be 
formed  with  them  on  anearly  vertical  shape,  as  in  the  wood-cut.  Suchwas 
the  case  with  the  large  reservoirs  of  the  West  Middlesex  Water  Works. 

They  were  formed  wholly, 
in  open  porous  gravel, 
worked,  in  the  first  in- 
stance, into  a  shape  like  the 
section  shown  by  ABCD. 
A  bed  of  puddling  IE,  EI, 
was  then  worked  over  the  whole  bottom  to  a  depth  of  8  feet,  and  gravel 
was  wheeled  in  to  form  the  angular  slopes  EIO,  as  soon  as  the  bottom 
puddle  had  become  sufficiently  hard  to  bear  it.  Care  was  taken  to  leave 
the  nearly  vertical  puddle-gutters,  AGBI  and  GDIO,  8  feet  wide,  be- 
tween the  internal  slopes  as  they  were  formed,  and  natural  ground 
behind,  and  this  puddle  was  incorporated  with  that  in  the  bottom,  and 
carried  up  with  the  banks  as  they  proceeded,  so  as  to  make  the  whole 
perfectly  water-tight,  in  as  unpromising  a  piece  of  ground  as  could  well 
have  been  selected. 

The  difficulty  of  obtaining  good  material  for  puddling  near  the  place 
where  it  is  wanted,  often  proves  a  great  drawback  to  the  construction  of 
navigable  canals,  and  increases  their  expense  very  materially.  The  En- 
gineer, therefore,  when  he  meets  with  it  on  a  line  ought  to  reserve  it,  if 
possible,  and  not  permit  it  to  be  deposited  on  the  banks  or  other  places, 
where  it  may  be  of  no  use,  and  from  which  perhaps,  it  cannot  be  afterwards 
removed. 


SECTION   III.-CARPENTRY. 


241  •  Cabpbntbt  is  the  art  of  combining  pieces  of  Timber  for  the  sup- 
port of  any  considerable  weight  or  pressure.  The  first  thing  therefore  to 
determine  is,  the  nature  and  extent  of  the  stresses  on  the  several  compo- 
nent timbers.  This  being  known,  the  necessary  scantling  to  resist  these 
stresses  can  easily  be  ascertained.  As  a  rule  it  may  be  said  that  the  timbers 
should  be  so  arranged  as  to  meet  the  stresses  ih  the  directions  of  their 
lengths,  for  beams  are  more  liable  to  fracture  by  cross  strains  than  by 
those  of  extension  or  compression ;  they  should  also  be  so  arranged  that 
the  frame  may  preserre  its  form  unchanged  when  subjected  to  the  load  it 
is  intended  to  support.  The  one  consideration  determines  the  stability 
of  resistance^  the  other,  the  stability  of  position. 

The  principal  frames  employed  by  Engineers  are  for  Eoofs^  Centerings 
for  Arches,  Moors  and  Partitions^  Doors  and  Windows^  Staircases^ 
Bridges  and  Coffer-dams.  The  two  last  will  not  be  treated  of  here,  being 
considered  under  the  Sections  on  Bbidoes  and  Masomrt. 


CHAPTER    XII. 

JOINTS,  SCARFS,  TRUSSED  AND  BUILT  BEAMS. 

242,  Joints. — When  two  pieces  of  wood  are  joined  by  the  simple 
contact  of  the  end  of  the  one  piece  with  its  bed  on  the  other,  we  say  that 
they  abutf  or  are  joined  by  a  plain  joint.  This  mode  of  joining  does  not 
prevent  the  one  piece  sliding  on  the  other,  unless  it  is  fastened  with 
nails  or  bolts. 

The  contrivances  by  means  of  which  one  piece  is  prevented  from 
eliding  on  the  other  are  called  mortises,  joggles^  &c. 

The  putting  together  of  two  pieces  of  wood  may  be  done  in  three 
ways  :— 

I.  They  may  meet  and  form  an  angle ;  and  this  mode  has  thre^ 
cases—* 
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1.  The  end  of  one  piece  may  bear  upon  a  point  in  the  length  of  the 
other.  This  case  is  the  moBt  freqnent,  and  ff.vea  rise  to  the  morim- 
and-tenon  jomt,  the  j"<)^jZfr-joint,  and  to  all  those  which  ere  modifications 
of  those  two  {yidt  para.  248,  and  PlaU  XXV.) 

2.  The  two  pieces  can  be  joined  mutnally  by  their  eitrBmitiee  under 
any  angle  whatever.  This  forma  the  anj/e-joiiit  {vide  paiu.  244,246,246, 
and  Plata  XXTI). 

8.  They  m»y  cross  each  other;  and  thia  result  is  the  notcft-joint  {mdt 
para.  247). 

II.  Two  pieces  of  wood  may  be  joined  in  a  right  line  by  lapping  and 
indenting  the  meeting  ends  on  each  other.  This  is  called  learfing  {vide 
para.  246). 

HI.  Two  pieces  of  wood  may  be  joined  longitudinally  end  to  end,  the 
joint  bemg  secured  by  corering  it  on  opposite  sides  by  pieces  of  wood 
bolted  to  both  beams.    This  process  is  termed^Atn^  {yidt  para.  249). 

243.  MortUe  and  rm>n.— The  Mortise  and  Tenon  joint  is  the  princi- 
ple of  the  greatest  number  of  the  other  joints.  It  is  necessary,  Uierefore, 
to  describe  it  first  at  length. 

In  the  simplest  cue  of  a  tenon  and  mortiBe  joint,  the  two  pieces  of 
wood  meet  at  right  angles.  The  tenon  a  is 
formed  at  the  extremity  of  the  piece  A,  in  the 
direction  of  it«  fibres  and  parallel  to  its  axis 
in  n,  by  two  notches,  which  take  &om  each 
side  a  paiaUelopipedon.  The  planes  of  the 
sides  /,  g,  of  the  tenon  are  always  parallel  to 
the  face  b  of  the  timber,  and  the  other  planes 
of  the  notch  at  right  angles  to  it 

The  mortise  is  hollowed  in  the  face  of  the 

piece  B,  and  is  of  exactly  tiie  same  size  and 

form  as  the  tenon,  which  therefore  perfectly 

fills  it.     The  two  sides  of  the  mortise  which 

correspond  to  the  breadth  of  the  tenon  should 

be  parallel  to  the  direction  o^  the  fibres  of  the 

wood.    The  sides  of  the  mortise  are  called  its 

chedo ;  and  the  square  parts  of  &e  timber  A  &om  which  the  tenon  pro- 

jects,  and  which  rest  on  the  cheeks  of  the  mortise,  are  called  the  shonl- 

deiB  of  the  tenon,  and  its  springing  from  these  is  called  its  root. 
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As  the  cheeks  of  the  mortise  and  the  tenon  are  exposed  to  the  same 
amount  of  strain  in  a  system  of  framing,  it  follows  that  each  should  be 
equal  to  one-third  of  the  thickness  of  the  timbers  in  which  they  are  made. 

The  length  of  the  tenon  should  be  equal  to  the  depth  of  the  mortise, 
so  that  its  end  should  press  home  on  the  bottom  of  the  mortise  when  its 
shoulders  bear  upon  the  cheeks  ;  but  as  perfection  in  execution  is  unat- 
tainable, the  tenon  in  practice  is  always  made  a  very  little  shorter  than 
the  depth  of  the  mortise,  that  its  shoulders  may  come  close. 

When  the  mortise  and  tenon  joint  is  cut^  adjusted,  and  put  together 
the  pieces  are  united  by  a  key  or  tree-nail.  The  key  is  generally  round, 
with  a  square  head,  and  in  diameter  is  about  equal  to  a  fourth  part  of 
the  thickness  of  the  tenon. 

244.  Anqlb  Joints. — StnU  and  7t6-^'otn<.— The  first  case  of  the 
first  mode  of  jointing  above  referred  to  is  exemplified  in  PlcUe  XXV. 
Fig.  l.«— No.  1  shows  the  joint  formed  by  the  meeting  of  a  principal  rafter 
and  tie-beam,  c  being  the  tenon.  The  cheeks  of  the  mortise  are  cut  down 
to  the  line  c2/,  so  that  an  abutment  edla  formed  of  the  whole  width  of 
the  cheeks,  in  addition  to  that  of  the  tenon ;  and  the  notch  so  formed  is 
called  B  joggle.  No.  2  shows  the  parts  detached  and  in  perspective.  It 
will  be  seen  that  a  much  larger  bearing  surface  is  thus  obtained. 

Fig.  2.— No.  1  is  an  elevation  of  a  joint,  differing  from  the  last  by 
having  the  anterior  part  of  the  rafter  truncated^  and  the  shoulder  of  the 
tenon  returned  in  front    It  is  represented  in  perspective  in  No.  2. 

Fig.  8. — Nos.  1  and  2  show  the  geometrical  elevation  and  perspective 
representation  of  an  oblique  joint,  in  which  a  double  abutment  or  joggle 
is  obtamed.  In  all  these  joints,  the  abutment,  aade,  Fig.  1,  should 
be  perpendicular  to  the  line  df',  and  in  execution,  the  joint  should  be 
a  little  free  at/,  in  order  that  it  may  not  be  thrown  out  at  d  by  the 
settling  of  the  framing.  The  double  abutment  is  a  questionable  ad- 
vantage ;  it  increases  the  difficulty  of  execution,  and,  of  course,  the  evils 
resulting  from  bad  fitting.  It  is  properly  allowable  only  where  the 
angle  of  meeting  of  the  timbers  is  very  acute,  and  the  bearing  surfaces 
are  consequently  very  long. 

Fig»  4.— Nos.  1  and  2  show  a  means  of  obtaining  resistance  to  sliding 
by  inserting  the  piece  c  in  notches  formed  in  the  rafter  and  the  tie-beam  : 
d  e  shows  the  mode  of  securing  the  joint  by  a  bolt. 

Pig.  5.— Nos.  1  and  2  show  9  very  good  form  6t  joint,  in  which  the 
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place  of  the  mortise  is  supplied  by  a  groore  c  in  the  rafter,  and  the  place 

of  the  tenon  by  a  tongue  (or  bridle)  d  in  the  tie-beam.    As  the  parts  can 

be  all  seen,  they  can  be  more  accurately  fitted,  which  is  an  advantage  in 

heavy  work.    In  No.  1,  the  mode  of  securing  the  joint  by  a  strap  b  b'  and 

bolts  is  shown. 

In  making  each  of  these  joints,  care  must  be  taken  that  the  length  of 

the  fibres  left  between  the  abutment  at  b  and  the  end  a  of  the  tie-beam,  is 

sufficient  to  resist  safely  the  tendency  of  the  longitudinal  component  of 

the  thrust  against  the  abutment  or  notch  to  shear  them  off ;  that  is  to  say, 

let  H  =  horizontal  component  of  thrust  of  rafter. 

b  =  breadth  (in  inches)  of  tie-beam. 

I  =  distance  (in  inches)  from  notch  to  end  of  tie-beam. 

/  =  resistance  of  wood  to  shearing. 

8  =  a  factor  of  safety. 
Then 

H  =  /ft-i,  or  Z  =  4-?« 

According  to  Tredgold,  4  is  a  sufficient  value  for  s  in  this  case :  and  if  we 
take  for  the  value  of  /in  the  case  of  oak  2,300  fibs.,  or  for  fir,  600  fibs. ; 

the  value  of  I  would  be,  for  oak  g=j^,  for  fir  jgQ-r. 

If  the  rafter  and  tie  be  bound  together  with  a  bolt  or  strap,  in  a  direc- 
tion making  as  acute  an  angle  as  practicable  with  the  tie,  the  joint  is 
made  much  more  secure. 

246.  King-post  joints, — Fig,  6  shows  the  several  joints  which  occur 
in  framing  the  king-post  into  the  tie-beam,  and  the  struts  into  the  king- 
post. A  is  the  tie-beam ;  B  the  king-post ;  and  0  and  B,  struts.  The 
joint  at  the  bottom  of  the  king-post  has  merely  a  short  tenon  e  let  into  a 
mortise  in  the  tie-beam.  The  abutment  of  the  strut  D  is  made  square 
to  the  back  of  the  strut,  as  far  as  the  width  of  the  king-post  admits,  and  a 
short  tenon /is  inserted  into  a  mortise  in  the  king-post.  The  abutment 
of  the  joint  of  C  is  formed  as  nearly  square  to  the  strut  as  possible. 

The  term  king-post,  gives  quite  an  erroneous  notion  of  its  functions, 
which  are  those  of  a  suspension  tie.  Hence  the  necessity  for  the  long 
strap  b  a  bolted  at  d  d,  and  secured  by  wedges  at  c.  The  old  name  king^ 
piece  is  better  than  king-post. 

Fig.  7.— In  this  figure,  the  superior  construction  is  shown,  in  which 
a  king-bolt  of  iron  CD  is  substituted  for  the  king-post.    On  the  tie-beam 
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A,  is  bolted  by  the  bolts  a  e,  df,  the  caet-iron  plate  and  sockets  abed, 
the  inner  parts  of  which  hg,hg,  form  solid  abntments  to  the  ends  of  the 
strnts  Bfi.  The  king-bolt  passes  through  a  hole  in  the  middle  of  the 
cast-iron  socket-plate,  and  is  secured  below  by  the  nat  D,  A  bottom- 
plate  e/prerents  iha  crashing  of  the  fibres  by  the  bolts. 

Plate  XXVI, — Fig».  1  to  5  show  Tsrions  methods  of  framing  the  bead 
of  the  rafteiB  and  king-posts  by  the  fud  of  straps  and  bolts. 

Fig,  6  shows  at  D  what  may  be  considered  tho  upper  part  of  the  same 
king -bolt  as  is  shown  in  Plate  XXV.,  Fig.'J,  with  the  mode  of  connecting 
the  rafters.  A  cast-iron  socket-piece  C  recelTes  the  tenons  a  a  of  the 
rafters  A  A,  and  has  a  hole  ihrongh  it  for  the  bolt,  the  head  of  which  b, 
is  conntersonk.  B  is  the  ridge-piece  set  in  a  shallow  grooTO  in  the  iron 
socket-piece.  An  elevation  of  the  side  is  giTen,  in  which  G  is  the  bolt, 
F  the  socket-piece,  and  E  the  ridge-piece. 

Figf.  7, 8, 9  and  10,  illustrate  the  mode  of  framing  together  the  princi- 
pal rafter,  queen-post,  and  straining-piece.  In  the  first  three  examples, 
the  joints  are  secured  by  straps  and  holts  ;  and  in  the  last  example,  the 
queen-bolt  D  passes  through  a  casir-iron  socket-piece  C,  which  leceiTcs 
tiie  ends  of  the  straining-piece  and  rafter,  as  those  of  the  two  rafters  aie 
received  in  Fig.  6. 

Figa,  11  and  12  show  modes  of  securing  the  junction  of  the  collar-beam 
and  rafter  by  straps ;  and  Fig».  13  and  14,  modes  of  securing  tlie  junction 
of  the  strat  and  the  rafter  by  straps. 

In  all  these  cases  where  the  strut  and  rafter  abuts  against  a  notch  or 
shoulder  abutment  in  the  king-piece,  the  distance  of  the  noteh  or  shoulder 
from  the  end  of  the  piece  is  to  be  determined  by  the  same  formula  aa  in 
the  case  of  a  rafter  abutting  on  the  end  of  a  tie-beam. 
346.  A  better  mode,  howerer,  than  any  ahown  in  Plates  XXV.  and 
XXVL,  where  the  framing  admits  of 
the  arrangement  is  to  make  suspending 
pieces  in  purs,  so  that  the  rafters  from 
which  they  hang  may  abut  between  them 
directly  against  each  other.  0  and  F 
ore  the  ends  of  a  pair  of  rafters  abutting 
against  each  other.  A  and  B,  the  upper 
ends  of  a  pair  of  suspending  pieces 
notched  upon  the  rafters,  and  bolted  to  each  other  through  the  blocks,  or 
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filling  pieces,  D  and  E.    If  these  figures  be  tamed  upside  down,  they 
will  represent  the  lower  ends  of  a  pair  of  suspending  pieces,  forming  a 
wooden  stirrup  for  the  support  of  a  beam,  or  of  the  ends  of  a  pair  of 
struts,  as  the  case  may  be. 
247.    Notch  joint. — The  third  case  of  the  first  mode  specified  in  para. 

242,  is  applicable  to  tocUl-plateSy  and  timbers 
in  similar  positions.    If  one  timber  altogether 
crosses,  or  slightly  overlaps  the  other,  the 
joint  may  be  of  the  form  shown  at  A,  when 
the  beams  are  said  to  be  halved :  but  in  a  case 
when  the  ends  have  to  be  cut  fair,  (as  in  ex- 
ternal wall-plates,)  the  arrangement  shown 
at  C,  should  be  adopted. 
This  principle  of  notching  with  square  abutting  joints  should  invariably 
^y       be  adopted  in  preference  to  dove-tail  joints  (as  at  B), 
^\^^      which  owing  to  internal  shrinking  of  the  wood  can- 
^^^  Jiot  be  depended  on  in  Carpentry  (though  admis- 

sable  in  some  kinds  of  Joinery). 

248.  Lbngthbnino  Timbers. — The  second  and 
third  modes  of  joining,  specified  in  para.  242, 
which  are  appicable  to  beams,  posts,  &c.,  joined  in  the  direction  of 
their  length,  are  termed  scarfing  and  fishing^  and  are  performed  in  a 
variety  of  ways  dependent  upon  whether  the  lengthened  timber  is  to  be 
subjected  to  compression,  tension,  or  cross -strain. 

Scarfing. — Where  two  pieces  of  timber  are  joined  so  as  to  preserve  the 
same  breadth  and  depth  throughout,  and  thus  to  appear  like  one  piece  (as 
in  most  neatly  finished  work)  scarfing  is  adopted.  In  each  part  of  the 
timber  to  be  joined,  the  parts  of  the  joints  which  pome  in  contact  (as  at 
AB,  Fig.  1)  are  called  Scarfs ;  and  if  the  scarf  be  formed  with  an  indented 
surface,  its  projections  are  tenned  tables  (as  at  ac,  c'b,  Fig.  8).  In 
forming  a  sc^rf  it  should  be  borne  in  mind  that — (1),  the  bearing  parts 
should  have  as  large  a  bearing  surface  as  possible ;  (2),  this  surface  should 
have  the  best  form  for  resisting  the  strains  to  which  it  will  be  subjected  ; 
(8),  the  efiect  of  the  inevitable  shrinkage  and  expansion  should  be  consi- 
dered ;  (4),  the  timber  should  be  cut  as  little  as  possible ;  and  (5),  all  un- 
necessary complications  and  difficulties  in  workmanship  should  be  avoided. 
The  case  of  beams  subject  to  tensile  strain  will  be  first  considered.    It  is 
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obyious  that  if  a  simple  obliqne  scarf  be  made  at  the  end  of  each  beam, 
and  the  two  scarfs  AB,  BA,  be  brought  into  oyer-lapping  contact,  the 

Hg,  1.  joint  AB,  ie  nseless  as 

ba  regards  connection  of 

the  scarfed  pieces,  until 
seenred  by  boltn.  Iron 
plates  or  straps  are  in- 
terposed between  the 
nnts  and  timber,  to  prevent  the  fibres  of  the  latter  bemg  crashed  by  the 
screwing  np  of  the  nuts.  Here  the  distance  from  A  to  B  is  called  the 
length  of  the  scarf:  and  the  strength  depends  entirely  upon  the  bolts 
and  straps. 

If,  however,  a  key  or  pair  of  wedges  of  hard  wood  be  added  in  the  mid- 
dle of  the  joint,  notched  equally  into  both  beams,  the  key  and  indents 

^g.  2.  in  the  scarf  will  fur- 

nish some  resistance  to 
the  opening  of  the 
joint  under  tensile 
strain :  but  not  suffi- 
cient to  obviate  the 

necessity  for  bolts. 

This  form  of  joint  is  very  much  improved  by  each  scarf  being  tahkd 
and  indented,  the  key  being  interposed  (as  in  the  second  case),  between 

Fig,  8.  the  table  ac  of  the  lower, 

and  the  table  h  c*  of  the 
upper  scarf.  In  this 
case  a  continuous  strap 
of  iron  is  placed  both 
above  and  below  the  joint 
to  prevent  injury  from  the  bolts,  and  the  ends  of  the  strap  may  be  slightly 
bent  and  let  into  the  wood.  The  key  or  double  wedge  K  should  only 
be  driven  so  as  to  bring  the  parts  to  their  proper  bearing :  as  it  would 
be  better  to  omit  it  than  to  drive  it  so  as  to  produce  much  constant  strain 
on  the  joint.  When  bolts  are  to  be  added,  before  their  insertion  the 
joints  should  be  brought  to  a  bearing  by  means  of  the  key. 

The  oblique  scarf,  as  shown  above,  has  little  to  recommend  it  beyond 
the  facility  of  construction  and  capability  of  being  easily  fitted.    Bolts  (if 
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introduced)  do  not  press  the  surface  in  a  perpendicular  direction,  and 
the  oblique  pressure  must  have  some  tendency  to  separate  the  joint. 
The  form  of  scarf   shown  in  Fig,  4  inyolyes  no  difficulties  in  car- 

Fiy.  4.  pentry^  and  has 

A the     advantage 

of  square  abut- 
ments Aa,  B6, 

c*c^  dd\  and  no  oblique  surfaces.  This  scarf  would  answer  without  bolts : 
but  its  strength  would  be  much  increased  by  the  addition  of  straps  and 
bolts  (as  in  No.  8),  and  in  this  case  the  key  is  necessary. 

Scarfs  are  often  made  with  numerous  tables,  indents  and  keys  :  but 

Fig,  5.  the  multiplica- 

tion of  their  de- 
tails increases 
the  difficulties 
of  workman- 
ship and  the  chances  of  inaccurate  fitting.  No.  5,  is  however  a  form  of 
scarf  given  by  Tredgold,  and  specified  as  very  simple  and  easy  to  execute ; 
it  is  a  modification  of  No.  4. 

In  the  case  of  beams  and  joints  subjected  to  compresHon,  it  is  evident 
that  oblique  scarfs  and  abutments  are  altogether  inapplicable.  Such 
joints  hovfever  as  are  adapted  for  beams  subjected  to  tensile  strains,  and 
have  side  abutments  truly  perpendicular  to  the  direction  of  the  force,  are 
equally  suited  for  compressed  posts  and  beams.  To  prevent  side  shifting 
it  is^vantageous  to  add  at  the  end  of  each  scarf  a  tongue  or  mortise  and 

Fig.  6. 


tenon,  as  shown  in  Fig.  6,  which  gives  an  angular  view  of  an  admirable 
scarf  adopted  for  beams  subjected  to  tensile, compressing,  or  cross-strains. 
Here  the  iron-strap  Atab  cd  covering  the  joints  on  the  lower  surface, 
is  supposed  to  be  removed  to  show  the  tongue  at  e. 

It  is,  however,  in  the  case  of  beams  to  resist  cross-strain  that  lengthen- 
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ing  is  most  frequently  required  :  for  instance,  in  a  tie-beam  of  a  roof  trass 
carrying  a  ceiling  or  other  weight,  or  in  a  chord  or  girder  of  a  bridge 
truss,  the  strain  in  the  direction  of  its  length  may  be  small  in  comparison 
with  the  cross-strain,  which  will  therefore  require  the  first  consideration. 
In  such  a  case  the  parts  of  the  beam  above  the  middle  depth,  or  neutral 
axis,  will  be  in  compression,  and  in  these  parts  oblique  tables  or  abutments 
will  be  inadmissable :  while  in  the  lower  parts  where  tensile  strains  come 
into  play,  any  deep,  square  cut,  abutment  would  be  a  source  of  weakness, 
and  an  oblique  bearing  would  with  advantage  be  used ;  an  iron  strap  and 
bolts  being  added  below  to  prevent  the  joint  opening,  and  to  give  the 
necessary  tensile  strength.     These  conditions  are  satisfied  in  a  joint 

Fig,  7.  of     the     form 

shown  in  Fig, 
7.  It  must  be 
borne  in  mind 
that  the  joiftt 
must  be  placed  as  far  as  practicable  where  the  bending  moment  is  small. 
In  every  case  as  above  described,  the  scarfs  are  placed  one  above  the 
other,  but  it  is  considered  by  some  authorities  (e.^.,  Bankine),  that  a  beam 
(under  cross  strain)  when  scarfed  as  above  recommended,  will  be  stronger 
with  the  scarf  up  and  down  "  rather  than  "  flat-wise  "—the  surfaces  of 
the  scarf  being  then  parallel  to  the  vertical  direction  of  the  load.  On  this 
view  the  plane  of  the  paper  in  Figa.  4,  5,  7  would  represent  a  horizontal 
plane :  and  in  Fig,  6,  a  5  c  d  would  be  on  the  side,  instead  of  on  the  under  sur- 
face of  the  beam.  But  it  is  necessary  to  add,  that  this  is  based  on  experi- 
ments made  by  Col.  Beaufroy,  and  quoted  by  Barlow  (Strength  of  Ma- 
terials, para.  71)  :  these  experiments  appear  to  have  been  very  few,  and  no 
record  seems  to  have  been  kept  of  the  form  of  scarf  experimented  upon,  a 
matter  of  paramount  importance  in  an  investigation  of  this  nature ;  for  it 
is  evident  that  some  form  of  scarf  if  made  '<  flat-wise  "  would  be  quite 
unfitted  to  bear  cross  strains,  and  might  be  very  much  strengthened  by 
being  set  ''up  and  down  :''  while  a  ''flat-wise"  scarf  specially  designed 
to  meet  such  strains,  might  have  all  its  special  adaptations  neutralized  if 
placed  "  up  and  down."  Beaufroy's  experiments  cannot  therefore  be  con- 
sidered to  establish  conclusively  the  opinion  expressed  by  Bankine. 

In  scarfing  beams  to  resist  a  cross  strain,  it  is  advisable  to  apply  hoops 
or  straps  in  preference  to  bolts.    It  must  of  course  be  remembered  that. 
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neglecting  the  effect  of  bolts  and  straps,  a  scarfed  beam  is  not  half  as 
strong  as  an  entire  beam  of  similar  dimensions.  In  all  the  above  cases 
sunilar  considerations  determine  the  proper  proportions  between  the  depth 
of  the  beam,  the  length  of  the  scarf,  and  the  depth  of  the  indents. 

In  Fig,  8,  the  tensile  strength  of  b  c,  the  compressible  strength  of  a  c 
and  shearing  strength  of  c  d^  should  be  all  equal.    If  the  tensile  and 

Fig.  8. 


compressible  resistance  of  wood  are  eqnal,  a  c  should  be  one-third  the 
depth  of  the  whole  beam  :  and  c  d  should  (1)  in  fir  =  8  to  10  c  6 ;  (2) 
in  hard  wood  =  16  to  20  cb. 

Tredgold  gives  the  following  rules  for  the  proportion  which  the  length 
of  a  scarf  should  have  to  the  depth  of  the  tie. 

Without  With  Withbolta 

bolte.  boltB.  and  indento. 

Oak,  Ash,  Elm  or  similar  woods,  •  •    6  8  2 

Firwoods, 12  6  4 

When  it  is  necessary  to  join  two  pieces  of  timber  without  shortening 

Fig.  9. 


them,  a  joint  such  as  shown  in  Figs.  9  and  10,  may  be  used  :  where  each 

Fig.  10. 


piece  is  abutted  against  the  other,  and  an  intermediate  piece  is  applied  so 
as  to  fit  the  scarfs  cut  in  the  lower  surfaces  of  the  abutting  pieces,  the 
three  being  secured  by  iron  straps  and  bolts. 

249.  Fishing.'^^When  the  beam  is  not  required  to  be  of  the  same 
dimensions  throughout,  ^Ain^  may  be  adopted.  This  is  the  simplest 
and  perhaps  the  best  method  of  lengthening  a  tie,  and  is  effected  by 
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abutting  the  two  ends  (a,  a,  F^.  11)  together,  placing  a  piece  of  timber 

Pig.  11. 


{h  b)  on  each  side,  and  firmly  bolting  these  together.  It  is  obvious  that 
in  a  tie  the  strength  of  this  joint  depends  on  the  bolts,  and  the  lateral 
adhesion  and  friction  produced  by  screwing  the  parts  tightly  together  : 
the  timber  is  weakened  only  so  far  as  its  effectiye  sectional  area  is  dimini- 
shed by  the  bolt  holes. 
The  dependence  on  the  bolts  may  be  lessened  by  indenting  the  parts 

Fig.  12 


together  as  shown  by  the  upper  side  of  Pig.  12  ;  or  by  putting  keys  in 
the  joints  as  shown  by  the  lower  side  of  the  same  figure  ;  but  the  strength 
of  the  beam  will  be  decreased  in  proportion  to  the  depth  of  the  indents. 

The  only  reasons  for  not  wholly  depending  on  the  bolts  are,  that  should 
the  parts  shrink  ever  so  little,  the  bolts  lose  a  great  part  of  their  effect, 
and  the  smallness  of  the  bolts  renders  them  liable  to  press  into  the  timber 
and  then  to  suffer  the  joints  to  yield. 

The  sum  of  the  area  of  the  bolts  should  never  be  less  than  one-fifth 
the  area  of  the  section  of  the  beam,  and  they  should  not  be  placed  too 
near  the  ends  of  the  pieces. 

In  the  case  of  a  strut  or  post  under  compression,  the  two  pieces  should 
abut  against  each  other  at  a  plane  surface,  perpendicular  to  the  direction 
of  the  thrust ;  and  to  keep  them  steady  they  may  either  be  fished  on  all 
four  sides,  or  have  their  abutting  ends  enclosed  in  an  iron  socket  made  to 
fit  them.    Joints  in  struts  should  if  possible  be  stayed  laterally. 

260.  Tmssed  Oirders.— When  the  bearing  exceeds  about  22  feet, 
it  is  very  difficult  to  obtain  timber  large  enough  for  girders ;  in  such 
cases  it  is  usual  to  truss  them. 
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A  method  of  Btrengtlienmg  a  timber  girder  witboat  increa^g  tlia 
depth  is  Bhowa  in  Fig.  A,  where  a  « 

plate  of  wronght-iron  ie  bolted  on 
eacb  side  of  a  timber  or  beam,  or  as 
shown  m  Wig.  B  where  a  single 

plate  or  flitch  of  iron  ie  placed  be-  ' 

tween  two  planks  OT  a  beam  cnt  down 
the  middle  and  reversed. 

Experiments  made  in  1859  at  the  Woolwich  arsenal  show  tliat  there  a 
some  advantage  as  regards  strength  in  a  combination  of  this  kind.  The 
following  is  HorBt's  fonnnla  for  the  breaking  weight  of  beams  witil  iron 
flitches  placed  as  in  Fig».  A  and  B. 

W  =  -~  (cJ  +  800- 

Where  h  and  d  are  breadth  and  thicknesB  of  the  wood  in  inches,  t  the 
thickness  of  the  iron  flitch  in  inches,  L  the  length  between  supports  in 
feet,  and  W  the  breaking  weight  in  middle  in  cwts. ;  e  a  constant  for  (lie 
kind  of  timber  varying  from  4-006  for  teak,  to  2-219  for  Cedar. 

Pltde  XXYIL  exhibits  several  forms  of  tmssed  girders  which  are  oc- 
casionally nsed.  Fig.  1. — No.  1  is  an  elevation  of  a  tmsBed  girder,  with 
one  of  the  flitches  removed  to  show  the  tmssing.  No.  2  is  a  plan  of  the 
beam,  and  "So.  3  a  section  through  the  line  ab.  The  troBBing-bare  C, 
No.  1,  are  of  iron,  and  are  shown  in  section  enlarged  at  d,  No.  8.  An 
iron  tension-plate  D  extends  along  the  bottom  of  the  beam,  and  connects 
the  abntment  bolts  AA.  These  bolts  pass  between  the  flitches,  and  are 
screwed  down  upon  an  iron  plate  h.  The  central  bolt  fi  folfils  the  fimc- 
tions  of  the  king-post  of  a  tmssed  roof.  The  beam  is  general!;  sawn 
in  two,  and  the  ends  reversed,  when  put  together  in  a  tniBfi. 

Fig.  2. — Nos.  1  and  2  are  the  plan  and  elevation  of  what  may  b« 
called  a  qneen-tmssed  beam.  The  constmction  is  the  same  as  the  pre- 
ceding, with  the  Bobstitntion  of  the  qneen-bolts  BB  for  the  king-bolt. 

Fig.  8  is  an  example  of  a  ^rder  tmssed  with  a  stirmp-piece  h,  end- 
plates  AA,  and  a  tension-rod  Ac  A.  No.  lis  an  elevation  of  the  beam ; 
No.  2  is  a  plan ;  and  No.  8  is  an  enlarged  vertical  section  throngh  the 
line  ad.  It  is  difScnlt  to  balance  the  tensile  and  compressive  resistances 
in  ft  beam  of  this  kind,  so  that  tbey  may  be  in  action  to  the  same  extent 
and  at  the  same  time;  and  this  applioation  of  iron  in  trusHiiig  is  now 
vol..  I— 4BnU>  IDIIIOH.  9  0 
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considered  bj  many  practical  men  to  be  nearly  nseless.  The  beam  is 
considered  to  be  crippled  before  the  iron  begins  to  be  strainedi  and  there* 
fore  this  mode  of  trussing  is  not  now  in  much  faToor. 

Fig.  4.— Nos.  1  and  2  illustrate  the  application  of  the  tension-rod  on 
what  may  be  considered  the  queen-post  principle,  there  being  two  stir* 
rups  at  a  a. 

Mg.  5.— Nos.  1  and  2  show  a  combination  of  timber  and  wrought- 
iron.  The  beam  is  composed  of  three  flitches,  the  two  outer  being  of 
timber,  and  the  central  of  boiler-plate.  The  flitches  are  bolted  together. 
In  the  eleyation  it  is  the  iron  flitch  that  ia  shown. 

261.  Built  boanSd— '^Another  way  of  obtaining  timbers,  for  large 
spans,  is  by  building  beams  so  as  to  increase  their  depth.  In  Fig.  1,  PlaiU 
XXYIIL,  two  pieces  of  timber  are  built  into  one  beam  of  double  the 
depth  of  either,  by  the  aid  of  hard-wood  heys  oijoggUa^  (which  resist  the 
shearing  stress  at  the  surface  of  junction,)  and  of  vertical  bolts  in  the 
space  between  the  keys.  It  is  obtious  that  no  key  nor  bolt  should  be 
put  at  the  middle  of  the  span ;  because  in  general  there  is  no  shearing 
stress  there ;  and  also  because  the  bending  moment  is  in  general  a  maxi- 
mum there,  and  it  is  desirable  to  weaken  the  cross-section  as  little  as 
possible.  The  grain  of  the  keys  should  run  Tertioally.  According  to 
Tredgold,  the  aggregate  depth  of  all  the  keys  should  amount  to  once  and 
orthird^  the  total  depth  of  the  beam,  and  the  breadth  of  each  key  shonld 
be  twice  its  depth.  Bankine  suggests  that  the  keys  should,  as  in  Pig.  2, 
make  an  angle  of  45^  with  the  surface  of  the  beam,  a  plan  as  yet  untried. 

In  Fig.  8,  the  two  pieces  of  which  the  beam  is  built  are  indented  into 
each  other,  a  sacrifice  of  depth  being  thus  incurred  equal  to  the  depth  of 
an  indent.  The  abutting  surfaces  of  the  indents  face  outwards  in  the  up* 
per  piece,  and  inwards  in  the  lower,  so  as  to  resist  the  tendency  to  slide. 
According  to  experiments  by  Duhamel,  the  aggregate  depth  of  the  in- 
dents should  amount  to  iuH>'thirdB  of  total  depth  of  the  beam.  The 
beam  in  the  figure  is  slightly  tapered  from  the  middle  towards  the  ends, 
in  order  that  the  hoops  which  are  used  to  bind  it  may  be  put  on  at  the 
ends  and  driven  tight  with  a  mallet. 

When  a  beam  is  built  of  several  pieces  in  length  as  weD  as  in  depth, 
they  should  break  joint  with  each  other.  The  lower  layer  should  be  scarf- 
ed or  fished  like  a  tie,  and  the  upper  should  have  plain  butt  joints. 

The  upper  layer  of  a  built  beam  is  sometimeB  made  of  hard^woodi  and 
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the  lower  layer  of  fir.  In  order  to  take  adyantage  of  tbe  resistance  of  the 
former  to  crashing,  and  of  the  tenacity  of  the  latter. 

262.  Bent  Bibs  are  sometimes  obtained  from  natonJIy  bent  pieces  of 
timber,  called  <'  knees ;"  bnt  naturally  straight  pieces  of  timber  may  be 
permanently  bent  by  steaming  them  nntil  the  wood  is  softened,  and  while 
in  that  condition,  bending  them  by  combinations  of  ^screws,  and  keeping 
them  bent  nntil  they  dry  and  stiffen.  By  this  process  there  is  a  risk  of 
injuring  the  tenacity  of  the  fibres  at  the  convex  side  of  the  piece,  nnless 
they  are  prevented  from  stretching  by  the  following  contrivance,  Mg,  4. 
AA  is  the  piece  of  wood  to  be  bent;  its  ends  abut  against  the  bent  parts 
of  a  strip  of  boiler-plate,  BB,  which  has  two  eyes,  CO,  that  are  drawn 
together  by  a  pair  of  tightening-sorews  at  D,  till  the  required  curvature 
is  produced.  The  whole  of  the  fibres  of  the  timber  are  compressed,  and 
none  of  them  have  their  tenacity  injured ;  and  it  is  found  by  experiment 
that  bent  ribs  made  in  this  way  are  as  strong  as  natural  knees. 

253.  Built  Ribs  are  best  made  by  the  method  represented  in  Figs.  5, 
6, 7  :  Fig.  5,  is  a  side  view,  and  Fig,  6,  a  plan  of  a  rib  made  of  several 
layers  of  planks  set  on  edge,  breaking  joint  with  each  other  (as  the  plan 
shows),  and  connected  together  by  square  bolts  or  wedges.  In  Fig,  5 
the  edges  of  the  planks  are  supposed  either  to  have  been  originally 
curved,  or  have  had  the  comers  smoothed  off;  in  Fig.  7  it  is  shown  how 
they  may  be  used  with  straight  edges.  A  built  rib  of  this  sort,  properly 
constructed,  is  nearly  as  strong  as  a  solid  rib  of  the  same  depth,  and  of 
a  breadth  less  by  the  thickness  of  one  layer. 

254.  Laminated  Ribs  are  composed,  as  in  Fig,  8,  of  layers  of  plank 
loiA  Jlatmse,  breaking  joint,  and  bolted  together.  They  are  easily  made, 
and  very  often  used  in  bridges  and  roofs ;  but  the  experiments  of  Ardant 
have  shown  that  they  are  weaker  than  solid  ribs  of  the  same  dimensions, 
nearly  in  the  ratio  of  unity  to  the  number  of  layers  into  which  they  are 
divided. 

265.  Fig.  9  shows  a  girder  constructed  by  Mr.  Smeaton  for  the  beam 
of  a  steam-engine ;  the  additional  stiffness  gained  was  considerable.  The 
pieces  should  be  well  bolted  and  strapped,  and  keys  or  tables  inserted 
to  prevent  any  sliding  of  the  parts.  In  such  a  manner  a  beam  may  be 
built  of  any  length  likely  to  be  required  for  a  floor  or  flat  roof.  It  may 
here  be  remarked,  that  the  position  of  the  indents  in  built  beams  is  not 
^  matter  of  indifference ;  for  instance;  sliding  is  effectually  prevented  by 
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making  the  indents  as  in  Fig.  10,  but  if  the  same  indents  were  reversed 
as  in  Fig.  11,  sliding  would  not  be  preyented,  and  nearly  the  whole 
strain  would  be  on  the  bolts. 

256.  The  iron  fastenings  of  timber,  especially  if  in  contact  with  oak, 
rust  very  rapidly  unless  properly  protected.  Amongst  the  most  eflSdent 
means  of  protection  are  the  following  :— 

I.  Boiling  in  coal-tar,  especially  if  the  pieces  of  iron  have  first  been 
heated  to  the  temperature  of  melting  lead. 

II.  Heating  the  pieces  of  iron  to  the  temperature  of  melting  lead,  and 
smearing  their  surfaces  while  hot,  with  cold  linseed  oil,  which  dries  and 
forms  a  sort  of  yamish.    This  is  recommended  by  Smeaton. 

m.  Painting  with  oil-paint,  which  must  be  renewed  from  time  to 
time.    The  linseed  oil  process  is  a  good  preparation  for  painting. 

lY.  Coating  with  zinc,  commonly  called  galyanizing.  This  is  effi- 
cient, proyided  it  is  not  exposed  to  acids  capable  of  dissolying  the  zinc ; 
but  it  is  destroyed  by  sulphuric  acid  in  the  atmosphere  of  places  where 
much  coal  is  burned,  and  by  muriatic  acid  in  the  neighbourhood  of  the 
sea. 
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CHAPTER    XIII. 
BOOFS. 

267.  Thb  most  Qsual  fonns  of  wooden  roofs  in  India  are  the  Flat, 
and  Pent  or  inclined.  The  former,  generally  called  a  terrace-^roof^  is  re« 
commended  by  its  simplicity  of  constmctiony  and  is  in  hot  climates  con- 
yenient  as  an  npper  story  between  snnset  and  snnrise ;  bnt  it  is  necessarily 
limited  to  small  spans,  as  sonnd  timbers  longer  than^22  feet  are  rarely 
procurable,  and  when  procurable  are  inconyenient  and  expensive.  It 
also  has  the  disadvantage  of  being  very  heavy,  and  of  occasioning  a 
great  waste  of  timber. 

Terrace  Boof. — It  is  usually  made  as  follows  : — From  side  to  side  of 
the  rooms  stretch  the  beams  or  girders,  placed  usually  at  from  3  to  6 
feet  from  centre  to  centre ;  above  these  girders,  and  stretching  at  right 
angles  to  thero  from  one  to  the  other,  are  joists  or  burgahs  at  12  inches 
apart ;  their  distance  being  regulated  by  the  size  of  a  brick,  (usually  12 
X  6  X  3  inches,)  and  above  these  are  either  two  flat  tiles,  one  above 
the  other,  set  in  mortar  and  covered  with  pakka  plaster  of  3  or  4 
inches  in  thickness,  or  one  brick  set  in  mortar  and  covered  in  the  same 
way.  Sometimes  instead  of  using  burgahs,  arches  with  a  very  slight 
rise  are  turned  between  the  girders.  For  small  spans  the  burgahs  may 
be  dispensed  with,  the  beams  themselves  being  made  of  small  scantling 
and  laid  1  foot  apart  to  support  the  bricks. 

258.  The  scantling  of  the  beams  will  of  course  depend  on  the  kind  of 
timber  used,  and  on  the  weight  of  the  roof  covering,  and  may  be  deter- 
mined either  from  the  breaking  weight  or  the  deflection  of  the  wood  in  the 
manner  shown  in  the  Section  on  Strength  of  Materials.  The  following 
Tables  of  Scantlings  for  Flat  Boofs  will  be  found  useful.  They  have  been 
calculated  for  S&l,  but  will  be  found  practically  sufficient  for  Teak  also. 
If  Deodar  be  used  instead  of  sal  or  teak,  scantlings  should  be  taken, 
eqxiivalent  to  those  given  for  spans  of  2  feet  (or  more)  greater  length* 
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L  Table  of  Soantlivgb  of  Sal  Beaks  fob  Flat  Tebbaoed 

BOOFS  WITH  BUBOAHS. 

The  beams  are  placed  4  feet  apart,  from  centre  to  centre,  and  tfaej  rapport  bnrgabs 
S  inihfls  aqnare,  on  which  the  roof  coTering  of  8  inches  brickworki  overlaid  bj  4 
inchcB  terracing,  is  placed. 

The  weight  to  be  supported  by  a  beam  will  be  that  of  the  roof  covering  between 
two  beams,  including  the  weight  of  the  bnrgahsi  and  that  of  the  beam  itself,  for 
which  an  appnudmatloa  has  been  nsed* 
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BooFuia  UFOH  Abohes. 

The  ym^f^  are  placed  at  8  feet  apart,  from  centre  to  centre,  and  support  brick 
aiches ;  the  arch  Tonssoirs  being  4  inches  deep  witii  a  rise  of  2  inches,  the  hannches 
filled  np  solid,  with  brick  masonry  above  the  beams,  to  a  line  with  the  crown  of  the 
aceh}  and 4 inches teRadng over  alL  Approzimafee  weight  of  beami  Winded  ib 
might  to  be  soppoaMU 


Boorarcu 


287 


Span 
inleet 


ft. 


Approzi- 

mate 

weight  of 

beam  at 

62fi>s.per 

cable  foot 

9hL 


Weight 
of  roofing 
at  115  fiM. 

per  rap. 
loot 

ibB. 


of  roofing 

and  beam 

asW. 

flhk 


Biwdth 

of  beam 

hi  inches 

=  *b 

ins. 


Ikplh  of 
beam  in 

ins. 


7 
8 
9 
10 
11 
18 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 


101 
188 
168 
212 
269 
816 
878 
447 
507 
618 
702 
825 
950 
1022 
1160 
1230 


2416 
2760 
8105 
8450 
8795 
4140 
4465 
4680 
5175 
5620 
5865 
6210 
6555 
6900 
7245 
7590 


2516 
2898 
8278 
8662 
4054 
4456 
4868 
5277 
5682 
6188 
6567 
7085 
7505 
7922 
8405 
8820 


Si 

61 

3 

6 
«l 

st 

l\ 

et 

% 

S* 

9t 

7 

»i 

71 

lOJ 

I» 

M* 

8 

u* 

»f 

»f 

8| 

I     124 

9 

1  i!} 

IIL     Table  of  SoANTLnsrae  of  Sal  Kabbibs  fob  Flat  Tbbbaobd 

BOOFIVO. 

The  kairies  ara  placed  at  one  foot  apart,  from  centre  to  centre,  and  support  tha 
rooftng  witiwnt  the  intervention  of  bmgaha.  The  roofing  coosistB  of  8  inches  brick- 
%vork*  orerlaid  by  4  inches  temcixv,  and  equal  100  lbs.  per  saperfidal  foot  The 
weight  of  the  kairie  is  inclnded  approximately  with  the  wei^t  to  be  rapported. 
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•TItelmeaUiilittveaUbeneiitflndJiiitMtbQj  wcm  gofebf  llie  oriovlatloo ;  bet  for  the  flirt 
foor,  It  wpold  lie  naoemuj.  In  pnotio^  to  mste  the  bcmdih  8  inchfli,  toaUov  sofflolent  bearing  for 
ttiotaiokB. 

In  oompartng  this  Table  of  SoantUngs  with  thoie  in  Ko.  L,  It  appean  that,  for  epana  above  8  fMti 
It  to  more  eoomooilgal  to  oae  beaini  with  bargahsi  than  Uw  kanteii  the  former  ammgemeat  tequlz^ 
IflgkMatiaibMh 
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259.  A  great  disadvantage  of  the  flat  roof  ia  that  water  nms  off  slow- 
ly, and  if  the  upper  coating  or  terrace  has  cracked  from  the  great  heat  in 
the  dry  season,  (which  is  frequently  the  case,)  leakage  occurs  daring  the 
rains.  To  give  the  roof  a  slight  inclination  and  thus  assist  the  flow  of 
water,  the  beams  should  be  so  cut  as  to  have  a  rise  in  the  middle.  This, 
which  is  called  a  camher,  should  be  effected  not  by  bending  the  beam 
upwards,  but  by  shaping  ifc ;  for  if  the  former  is  done,  the  beam  on 
settling  has  a  tendency  to  thrust  out  the  walls.  This  slope  also  should 
never  be  given  by  increasing  the  thickness  of  terrace,  as  by  this  the 
girder  is  weighted  at  the  very  point  where  it  is  least  able  to  bear  it. 
A  good  method,  however,  is  to  cut  the  beam  even  and  screw  on  wedge- 
shaped  pieces  of  wood  in  the  middle  or  top  of  the  beam  to  give  the 
necessary  fall  towards  the  two  ends. 

260.  Pent  or  Trussed  Boof.— This  roof  with  a  covering  of  thatch, 
tiles,  slates,  or  iron,  is  adapted  to  all  spans,  and  is  the  most  economical 
and  suitable  form  where  timber  is  used. 

By  various  arrangements  of  the  timbers  in  the  construction  of  the  fram* 
ing,  and  by  artifices  in  bending  and  building  beams,  such  as  described  in 
the  preceding  Chapter,  great  breadths  of  building  can  be  covered.  In  one 
instance,  (that  of  the  Riding  School  at  St.  Petersburg,)  a  span  of  235 
feet  was  successfully  roofed  with  timber ;  but  for  such  large  spans  iron  is 
now,  when  procurable,  always  substituted  for  wood.  The  two  kinds  of 
pent-roof  in  common  use  are  the  gabled  and  hipped.  In  the  former,  the 
roof  is  formed  by  the  intersection  of  two  planes  which  slope  upwards  from 
the  wall  plates  on  the  sides  of  the  building,  meeting  at  an  angle  at  the 
ridge,  the  walls  at  the  end  being  built  up  vertically  to  the  ridge,  and  finish- 
ed off  to  the  same  angle.  In  the  latter,  the  roof  is  formed  of  planes  which 
slope  up  from  both  the  sides  and  the  ends  of  the  bailding  to  the  ridge,  the 
wall  plates  being  on  the  same  level  all  round.    Both  are  common  in  India. 

261.  The  Fitch  of  a  roof  or  the  angle  which  it  makes  with  the  horizon, 
varies  in  different  countries  and  climates,  and  even  in  the  same  country 
the  pitch  has  varied  considerably  at  different  times  according  to  the 
fancy  of  the  builders.  Formerly  in  England,  roofs  were  made  very  high ; 
but  these,  though  having  some  advantage  in  countries  where  snow  falls, 
expose  a  large  surface  to  the  wind,  and  therefore  would,  in  a  country  like 
India  where  storms  are  sometimes  very  violent,  be  out  of  place.  In  high 
pitched  roofS|  toO|  the  coverings  are  apt  to  slide,  while  on  the  other  hand 


iit  very  low  pitched  roofs,  the  wind  will  get  under  the  tales  and  remove 
them,  and  the  strain  on  the  vails,  (as  will  be  seen  further  on,)  is  vei; 
great.  A  moderate  pitch  is  therefore  generally  adopted,  and  the  h^ht  of 
a  roof  either  in  England  or  India  for  buildings  in  general,  now  rarely 
exceeds  one-third  of  the  span,  oi  is  less  than  one-sixth.  For  tiles  or 
slates  aboat  one-fourth  the  span  or  27°,  and  for  thatch  35°,  is  tlie  usual 
pitch;  though  the  latter  may  be  as  great  as  45°,  or  half  the  span. 

862.    To  exdude  wet  from  the  inner  surface  of  the  walls  and  allow  iha 
roof  drmage  to  pass  freely  away,  the  surface  of  the  roof  coTOring  should 
be  adTanoed  well  beyond  the  supporting*  walla,  as  in  the  annexed  wood- 
cut iUuBtrating  the  section  of  an  old  Greek  roof.    Here  ABO  represent 
the  architrave,  frieze  and  cornice :  the  latter 
projecting  far  beyond  the  wall,  and  carrying 
the  epitithedat  (E)  or  stone  gutter,  which  by 
its  position  and  form  prevented  any  overflovr 
from  wetting  the  timbers.     Here  also  tha 
junction  of  the  rafter  R  with  the  tie-beam  T  of 
the  roof  truss  occurs  over  the  centre  of  the 
supporting  wall,  and  brings  the  thrust  more 
directly  over  its  supports.    The  long  tiles  t,  t,  are  carried  or  purlins  r,  r, 
resting  evenly  on  the  principal  rafter. 
In  many  modem  English  houses  the  principal  rafter  R  abuts  on  the 
tie-beam  T  and  concentrates  the  roof  thrust  ou  a 
point  toithin  the  wall :  and  the  roof  drainage  is  col- 
lected in  a  lead  gutter  O,  which  when  overflowing, 
leaks  within  the  building,  and  over  the  most  impor- 
tant roof  timbers :  the  free  flow  of  the  drainage  be- 
ing  stopped  by  a  parapet  wall  which  rests  on  the 
ends  of  the  trusses.     This  latt«r  arrangement 
should  be  avoided. 
263.    Knio-POST  Tanss.—i'foia  XXIX.,  Fig.  1.  ia  a  pent  roof,  adapt- 
ed for  spans  not  exceeding  80  feet.    The  combination  of  beams  in  a  roof 
is  called  &  (ru«i — the  figure  represents  a  King-post  tnua.    The  compo- 
nent parts  of  it  are  as  follows  :— 

1.  Wall  pia(e».— Reces  of  timber  laid  on  the  wall  in  order  to  dis- 
tribute the  preaaure  of  the  roof  over  a  large  bearing  surface.  These 
may  alao  be  of  stone  (ytdi  P  P  of  preceding  wood-cuts.) 

TOI»  I.— IBIBB  isiiioir.  i  9 
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2.  Baflsrt.'^Tyro  pieces  of  timber  forming  the  inelined  sides  of  fha 
tni8S|  snpporting  the  purlins.    (B,  B,  of  Fig.  ly  Plate  XXIX.) 

8.  Tte-idom.— A  horizontal  pieoe  of  timber  oonneeted  to  two  opposite 
raftersi  its  main  object  being  to  tie  down  their  ends  and  thus  prerent 
the  walls  from  being  thmst  outwards.  It  is  also  osefol  as  a  support 
for  ceilings  and  pankahs.    (A.) 

4.  PtirZm.-— Horizontal  pieces  of  timber  notched  on  the  rafters^  and 
M  right  angles  to  them,  extending  from  tmss  to  truss.  On  these  is  laid 
the  roof  coyering.    (J,  J.) 

.    S.    King-poH.'^Aa  upright  piece  of  timber  in  the  middle  of  a  trass^ 
framed  at  the  upper  end  into  the  rafters,  and  at  the  lower  end  into  the 
.tie-beanL    This  prcTcnts  the  tie-beam  from  sinking  or  sagging  in  the 
middle.    (K.) 

6.  StnUa.'^OhUqae  straining  pieces  framed  below  into  the  king- 
posts, and  above  into  the  rafters,  which  they  help  to  support    (E,  E.) 

In  English  trusses,  the  rafters  ahoTe  described  are  more  precisely 
termed  principal  rafters ;  common  or  secondary  rafters  are  sometimes  laid 
on  them  outside  the  purlins,  to  carry  the  roof  coyering. 

264.  QuESH-posT  Truss.— >jR^.  2  shows  a  roof  truss  called  a  Queenr 
post  Truss,  the  two  yerticals  on  either  side  being  the  qusenrposts.  This 
is  adapted  for  spans  of  from  80  to  45  feet  The  timher  between  the 
upper  ends  of  these  two  is  the  t(raMfV  ftiom  (0) ;  that  between  the  lower 
ends,  the  sUvining  sill  (h).  The  other  timbers  are  the  same  as  in  the 
former  truss. 

The  following  would  be  the  scantlings  in  fir  of  the  seyersl  timbers  of 
such  a  truss  (at  10  feet  intervals),  for  a  weight  of  66^  lbs.  per  square  foot^ 
according  to  Tredgold :— 

Af  xl6"l)6Un9       ***  ***  *"*  *** 

B|  Frinoipal  nf tor,        ••«  •••  ••• 

c,  Stndning  beamy         ...  •••  ••« 

D,  Qneen-poBty 


•••  •.•  ... 
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9X6 
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12X9 

n 

X|  Suut,  •••  •••  •••  ••• 

Vf  Oommon  nftery         «••  .••  ••• 

a,  Fole-platoy  •••  »••  ••• 

Of  FnrlinB,       •••  •••  •••  ... 

265.  Fig.  8  is  adapted  for  spans  up  to  60  feet.  It  is  often  necessary 
to  build  trusses  of  greater  span,  but  tba  general  prinovlo  is  that  shoim 
here* 
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The  following  would  be  the  scantlings  for  the  aboTe  weight  of  rooflng, 
by  Tredgold's  roles,  under  the  same  conditions  as  above  : — 

Principal  rafteiBi 
Tie-beam,     •• 
Qneen«post  b, 
Bupending  pott  ▲,      »• 
Btrnts  (large), 
M     (sinaU), 

S66.  Fig.  4.— A  roof  adapted  to  a  hall  or  church  with  naye  and 
aisles.    The  framing  is  simple  and  good  :«- 

▲(Principal  He, 

B,  Tie  of  aiale  roof. 

o,  Girder  supported  by  the  iron  ootnnm  D. 

D,  Btoiy-post 

867.  Hammxe-bbam  TBnss.-*-Fi^«  5  shows  a  high  roof  soitable  for 
a  Church  or  Oothic  building. 

In  this  roof  AC,  BC,  are  principal  rafters :  DE  is  a  coUar  beam  which 
tying  the  rafters  together,  not  at  their  feet,  but  at  considerably  highw 
points,  does  not  counteract  any  tendency  of  these  rafters  to  bend  betwe^ 
D,  A,  and  E,  B,  and  to  thrust  out  the  walls.  The  curved  tension  pieces 
KF,  EG,  are  consequently  introduced  to  tie  the  ends  of  the  hammer^ 
leama  AF,  BG  to  the  centre  of  the  collar  beam ;  curved  struts  HF,  IG, 
being  also  introduced  to  aid  in  keeping  the  ends  F  and  G  in  position. 
Without  the  curved  stmts  and  tension  pieces  as  shown  in  Fig,  5,  and 
strongly  built  or  buttressed  walls,  a  lofty  and  heavy  roof  carried  on  col- 
lar and  hammer^beam  trusses, 
would  be  likely  to  fail  as  in  the 
annexed  wood'^cut. 

268.  In  trussed  roofs,  es- 
pecially those  of  large  spans,  a 
combination  of  iron  and  wood 
may  often  be  substituted  for 
wood  aloue.  Such  trusses  are 
much  lighter  and  look  much 
better ;  the  only  difficulty  is  in  property  connecting  those  parts  where  the 
iron  and  wood  meet  together. 

Plate  XXX.,  Fig.  6,  shows  a  truss  for  a  roof  of  44  feet  8  inches  span. 
la  this,  wrought*iron  is  used  for  the  suspension  rods  and  cast-iron 
Aoea  as  abutmenta  tos  the  timbers  acting  as  struts. 


292  BOOFINO. 

On  the  wall-head,  is  a  cast-iron  shoe,  to  receive  the  tie-heam  imd 
the  foot  of  the  principal  rafter.  The  sole-plate  of  the  shoe  is  prolonged, 
to  admit  of  its  being  seenred  by  bolts  to  the  tie-beam. 

The  head  of  the  principal  rafter,  is  inserted  into  a  cast-iron  socket,  an 
elevation  of  which  is  seen,  enlarged  at  No.  1.  The  suspension  rod  AD, 
it  will  be  seen  passes  through  the  solid  part  of  the  socket.  It  has  a  head 
at  its  upper  end,  and  at  its  lower  end  it  is  screwed,  and  secured  by  a  nut 

To  avoid  cutting  the  principal  rafters,  the  purlin  at  B  is  also  carried  in 
cast-iron  rests  bolted  to  the  rafter.  The  centre  suspending  rod  at  E, 
passes  through  a  socket,  which  serves  as  an  abutment  to  the  struts. 
Similar  abutments  are  provided  for  the  struts. 

Fig.  7.— This  truss  is  for  a  roof  of  45  feet  span.  The  detail  No.  2 
is  a  section  of  the  shoe  at  head  of  king-bolt,  into  which  the  upper  ends 
of  the  principals  are  inserted. 

S69.  Fig.  8  represents  a  truss  of  40  feet  span,  constructed  by  Colonel 
Waddington  at  Bombay,  supporting,  with  other  trusses  placed  at  intervals 
of  10  feet,  a  roof  which  slopes  30*  from  the  horizon,  and  has  an  extreme 
span,  from  eave  to  eave,  of  50  feet.  The  tie-beam  is  supported  at  equal 
intervals  of  8  feet,  and  the  purlins  and  wall-plate  are  also  separated  by 
equal  distances  of  6*85  feet.  The  struts,  rods,  and  queen-posts  are  so 
disposed  as  in  a  great  measure  to  .neutralize  pressure  on  the  principal 
rafters,  except  in  direction  of  their  length;  and  the  common  rafters  are 
supposed  to  extend  in  one  length  from  ridge  to  eave,  and  to  be  15  inches 
Bpart.  The  hattens  are  each  2  X  f  inches,  aiid  their  edges  2  inches 
apart,  covered  by  a  double  bamboo  mat ;  the  eaves  single- tied,  the  lower 
TOW  being  laid  in  chunam,  the  rest  of  the  roof  double-tied,  and  the  ridge 

of  chunam. 

270.  Fig.  9.— The  roof  covering  of  the  Central  Hall  of  the  Allaha- 
lad  Passenger  Station  is  78  feet  long  by  88^  clear  by  27  feet  high.  The 
trusses  are  of  sfil,  and  are  11  feet  apart  from  centre  to  centre,  each  truss 
carrying  a  permanent  load  of  18  tons  8  cwt.,  not  including  its  own  weight. 
The  straining  piece  or  girder  is  composed  of  two  solid  pieces  of  timber 
scarfed  in  the  centre.  The  curved  portion  is  made  of  pieces  12  hy  5 
inches,  bolted  together,  making  the  cross-section  12  by  10  inches.  The 
pieces  break  joint  with  one  another,  the  centre  of  one  piece  acting  as  a  tie 
to  the  abutting  ends  of  the  other  pieces  to  which  it  is  bolted.  The  coveiv 
ing  of  the  roof  consists  of  sandstone  flags^  4|  inches  ihick,  placed  xfict 
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pwlins  2  feet  apart ;  above  the  flags,  the  Ihoa,  (broken  bricks  and  mortar,) 
6  inches  thick,  is  placed  in  the  usual  way. 

271.  The  roof,  although  the  last  part  of  a  building  which  is  construc- 
ted, is  one  of  the  first  to  be  considered  in  preparing  a  design ;  for  on  its 
weight  the  thickness  and  nature  of  the  walls  depend.  In  the  case  of  fiat 
roofs,  both  the  construction  and  calculation  are  very  simple ;  indeed  little' 
or  no  carpentry  is  necessary  for  the  first,  and  as  all  the  timbers  are  sub- 
jected to  a  direct  transTerse  strain,  their  strength  and  proportions  «re 
easily  determined.  But  in  a  trussed  roof  the  nature  and  effect  of  the 
strains  to  the  timbers  are  various ;  and  in  their  connection,  the  best  form 
of  joint  and  fasteninglias  to  be  considered,  so  that  they  may  preserve  the 
form  of  truss  desired  with  as  little  change  as  possible. 

272.  BoANTLiNos. — The  investigations  of  the  stresses  on  the  various 
pieces  forming  a  roof,  and  the  formulce  expressive  of  the  scantlings  proper 
to  varying  loads  are  discussed  in  the  section  •n  Strength  of  Materials. 

273.  Explanation  of  Tables. — ^The  accompanying  Tables  of  Scant- 
lings of  sal  timbers  (the  wood  in  principal  use  in  Northern  India)  for 
Wooden  Hoofs  have  been  reprinted,  with  slight  alteration  of  notation 
to  suit  the  new  Edition  of  Vol.  III.,  ^'  Applied  Mechanics,'*  of  this 
Treatise. 

They  may  although  calculated  as  for  sal  timber  be  made  available 
(sufficiently  accurately  for  practical  purposes)  also  for  other  timbers  by 
taking  the  scantlings  calculated  for  larger  spans  in  sal  wood,  thus :— - 
(1).    For  Teak,  take  the  scantlings  corresponding  to  aspan  1  foot  widen 
(2).    For  Deodar,  „  „  2       „ 

iV!J9.— There  are  two  important  differefteet  between  the  method  of  <*i|1^ifiti(yn 
4)rigiiiaUy  adopted  (and  now  reprinted)  for  these  Tables,  and  that  recommended  in 
this  Edition,  iee  Art  2,  (2),  and  Art.  6,  (2— iv.),  of  Section  V.,  <<  Strength  of 
Materials." 

(1).  '  The  rafters  were  designed  to  bearonZ^  the  greater  of  the  two  straining  actions, 
(i.  e,y  Direct  and  Transverse,)  to  which  they  were  exposed,  »ee  Art  2,  (2)  (of  Section 

V.) 

(2).  The  effect  of  wind  was  estimated  according  to  Tredgold'a  mle  as  a  **««{• 
form  vertical  load  of  40  lbs.  per  aquarefoot  over  the  whole  roof; "  this  method  was 
formerly  the  accepted  mle  of  the  profession,  and  has  still  high  authority  in  its  &yonr, 
see  Art  6,  Part  (2-iv.),  (of  Section  V.) 

There  is  also  a  minor  difference  between  these  Tables,  and  the  method  adopted 
in  the  text,  see  Art.  16  and  21  (of  Section  V.),  viz.,  that  the  weights  w'  w" 
in  the  Text  of  this  UdiHon  were  both  included  in  the  w  <2^  t?ie  Tables,  bnt  although 
theoretically  conect  to  separate  them  as  in  this  Edition,  it  has  not  been  fhonght 
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woiiii  wliU«  to  nBCiteelttd  tbo  Tablit  on  this  ioomm^  aa  tin  altontioa  in  tba  nuH* 
lings  would  bo  veiy  trifling. 

Table,  No.  YL,  has  been  oaleulated  to  admit  of  a  oompariaon  being 
made  of  the  increaae  required  in  the  acantlings  in  TaUoi  No.  lY.,  amp- 
poaing  the  tmasea  to  be  placed  at  10  feet  apart,  instead  of  at  7  feet,  aa 
calculated  for  in  the  latter  Table.  By  comparing  theae  two  Tablea  it  will 
be  seen  that,  so  far  as  the  acantlings  of  the  rafters  are  concerned,  the 
reanlts  given  in  Table  No.  YL  are  equivalent  to  an  increase  in  Table 
No.  lY.,  of  about  two  plaoea  for  the  smaller  spans,  and  of  &om  three  to, 
four  plaoea  for  the  larger  q^aas. 

The  differences  axe  much  greater  for  the  scantlings  of  the  tie-beam, 
strut,  and  king-post;  but  as  these  are  always  made  greater  in  practice 
than  they  are  found  by  calculation,  it  will  be  sufiScient,  for  all  prastical 
puzposea,  to  take  the  scantlings  of  the  rafters  as  a  guide  in  making  the 
comparison  for  any  particular  case. 

The  only  exception  to  (his,  i^pears  to  be  in  the  case  of  an  iron  tie-rod 
being  aubstitnted  for  the  tie-beam,  in  which  the  increase  shown  in  Table, 
No.  YL,  is  equivalent  to  about  seven  places  in  Table,  No.  lY. 

It  will  be  understood  from  the  above  remarks,  how  Table  No.  I Y.,  may 
be  made  available  for  determining  the  scantlings  of  the  several  pieces  (rf 
a  truss,  supposing  the  trusses  to  beat  10  feet  apart. 


The  trusses  to  be  at  7  feet  apart,  the  purlins  at  8  feet  fipart,  and  the 
in  addition  to  roof  covering,  effects  of  rain,  wind,  &c.    The  truss  is 
ported. 
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CENTBES. 


274*  A  Cenire  is  a  timber  frame  for  sapporting  the  stones  or  bricks 
of  an  arch  daring  its  oonstmction.  Its  qualities  consist  in  its  being 
sufficiently  strong  and  stiflf  to  bear  the  whole  pressure  of  the  arch  stones, 
during  the  building  of  the  arch,  from  its  springing  to  its  keying.  It 
should  be  capable  of  being  easily  removed,  and  as  it  is  only  a  temporary 
framOi  should  be  so  made,  if  possible,  that  its  timbers  may  be  of  further 
use.  In  narrow  streams  where  intermediate  supports  can  easily  be  estab- 
lished, this  framing  should  always  be  made  upon  horizontal  tie-beamS| 
supported  in  several  places  by  piles  sunk  in  the  bed  of  the  river ;  in  such 
cases,  then,  the  construction  of  a  centre  is  comparatively  easy ;  but,  in 
navigable  rivers  where  it  is  difficult  to  place  such  supports,  where  space 
must  be  left  for  the  passage  of  vessels,  and  where  there  is  danger  from 
floods,  the  construction  of  a  centre  requires  much  skill.  In  large  arches, 
where  the  arch  stones  rise  to  a  considerable  height,  they  often  force  tha 
centre  out  of  form  by  causing  it  to  rise  at  its  crown ;  to  prevent  which,  it 
is  sometimes  necessary  to  load  the  centre,  but  this  is  a  make-shift,  and 
wotdd  not  be  necessary  if  the  centre  were  well  constructed.  In  making 
centres,  it  is  not  enough  to  consider  what  weight  they  will  bear  without 
fracture,  but  what  they  will  bear  without  derangement,  as,  upon  this  quali- 
ty of  stifiBiess  and  preservation  of  form,  depends  the  goodness  of  the  arch. 

Centres  are  composed  of  several  vertical  frames  or  trasses,  connected 
by  horizontal  ties  and  sti£fened  by  braces.  In  cases  where  they  span  the 
who)e  width  of  the  archway,  the  ofif-sets  of  the  stone-work  afford  a  sub- 
stantial abutment  for  their  support.  The  frames  oi  trusses  of  the  centres 
are  usually  from  4  to  6  feet  apart,  one  being  placed  under  each  of  the  outer 
ringSi  and  the  others  dividkig  the  intermediate  space ;  from  truss  to 


L 


imssy  horizontfti  timbors  extend^  called  laggingB^  and  these  support  the 
arch  Btones^ 

275.  Pressures  on  Oe]itxes.-^Before  preceeding  to  lay  down  any 
rule  as  to  the  constmction  of  centres,  it  will  be  necessary  to  show  how 
to  find  the  pressnies  of  the  different  arch  stones  on  them. 

It  is  nsuaDy  stated  that  arch  stones  do  not  begin  to  press  against  the 
centre,  until  conrses  are  laid,  the  slope  of  whose  beds  is  steeper  than  th« 
angle  of  repose ;  that  is  to  say,  from  25^  to  85^,  or  abont  82^  is  the 
average :  but  in  ordw  that  this  may  be  trae,  the  lower  part  of  the  arch 
most  be  so  thick  as  to  hare  no  tendency  to  upset  imoarde;  a  thickness 
eqnal  to  abont  one-tenth  of  the  radius  of  cnnratore  of  the  intrados  is  in 
general  sufficient  for  that  purpose,  but  still  any  accidental  disturbanoe 
of  the  arch  stones  may  make  them  press  against  the  ^entre. 

Each  sucoessive  course  of  arch  stones  that  is  laid,  causes  the  pressure 
exerted  by  the  prOyious  courses  against  the  centre  to  diminish,  and  when 
a  semi-circular  arch  is  completed,  all  but  the  keystone,  the  stones  whose 
beds  slope  less  steeply  than  80%  have  ceased  to  press  against  the  centre, 
even  though  there  should  be  no  friction ;  in  fact,  when  the  load  on  the 
centre  reaches  its  greatest  amount,  its  action  is  nearly  the  same  whether 
friction  operates  sensibly  or  not ;  and  remembering  this,  and  also  that  the 
calculations  caused  by  neglecting  friction  err  on  the  side  of  safety,  it 
Appears,  that  for  practical  puiposes,  it  is  sufficient  to  calculate  the  load, 
as  if  the  friction  between  the  stones  was  insensible. 

tf  /»  be  the  co-efficient  of  friction  (represented  by  tan  a,  when  a  is  the 
angle  of  repose),  and  fi  be  the  inclination  of  the  lower  joint  of  a  stone 
to  the  horiaon,  W  the  weight  of  an  arch  stone,  and  P  the  pressure. 

Then  P  =  W  (sin  /J  —  /i  cos  j3). 

The  following  is  a  table  of  co-efficients  at  various  angleSi  the  differ, 
ence  of  two  successive  joints  being  2^« 

Angle  of  indiiL    34^F=:-04W    Angle  of  indin.    4S«,Ps^*B8W 


n 

«6*»,P  =  '08W 

n 

60^,  P  =  -87  W 

if 

as**,  p  =  -12  w 

» 

62%  P  =  '40  W 

n 

40«»,P  =  -i7W 

n 

64%  P  =  -44  W 

n 

42»,P  =  -21W 

It 

6C<»,  P  =  48  W 

» 

44^  P  ss  -25  W 

99 

68%  P  =s  -63  W 

M 

46^P  =  '29W 

99 

60%  P  :=  -64  W 

This  Table  might  be  extended,  but  when  the  plane  of  (he  joint  be* 
Vol  i.«-»thibd  bditiov.  2  Q 
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comes  so  mncli  inclined,  that  the  vertical  through  the  centre  of  gravity 
of  the  arch  stone  does  not  fall  within  its  lower  bed,  the  whole  weight  of 
the  arch  stone  shonld  be  considered  as  bearing  on  the  centre* 

276.  Ab  an  exampk,-^To  find  the  pressure  of  the  arch  stones  npon 
22^  of  the  centering,  counting  from  the  joint  which  makes  32^  with  the 
horizon.  Bum  the  preceding  Table  from  82^  to  54^,  and  multiply  by 
the  weight  of  a  portion  of  the  arch  stones  comprehended  between  2^,  the 
product  will  be  the  pressure  required. 

Thus,  suppose  the  frames  of  a  centre  to  be  5  feet  from  middle  point  to 
middle  point,  the  depths  of  the  arch  stones  to  be  4  feet  and  the  space  com- 
prehended in  2^  measured  at  the  middle  of  the  depth  of  the  stone,  to  be 
1*5  feet.  Then  the  solid  content  will  be  30  cubic  feet,  and  taking  150  fts. 
as  the  specific  gravity  of  stone,  the  weight  will  be  4,500  lbs.  This  sum 
multiplied  by  the  sum  of  the  preceding  Table,  2*70,  gives  12,150  lbs. 
for  the  pressure  required. 

From  an  inspection  of  the  table,  it  will  be  seen  that  the  pressure  in- 
creases very  slowly  until  the  joint  makes  a  considerable  angle  with  the 
horizon.  For  instance,  at  an  inclination  of  44^,  the  pressure  is  one-fourth 
the  weight,  at  58"  more  than  a  half,  and  near  the  crown,  the  stones  rest 
wholly  on  the  centre.  In  designing  centres,  therefore,  this  must  be  borne 
in  mind,  for  it  would  be  absurd  to  make  them  equally  strong  at  every 
point.  When  the  depth  of  the  arch  stone  is  double  its  thickness,  the 
whole  of  its  weight  may  be  considered  to  rest  on  the  centre,  when  the 
inclination  of  the  joint  is  60^.  If  the  length  of  the  stone  is  less  than 
twice  the  thickness,  it  will  rest  on  the  centre  when  the  angle  is  less  than 
60°,  and  if  more  than  twice  the  thickness,  the  angle  will  be  more  than 
60°  before  it  does  so. 

When  the  arch  stones  are  small,  the  pressure  is  a  greater  proportion  of 
the  whole  weight  than  when  they  are  large. 

277.  Framing  of  Centres.— For  large  spans  in  India,  the  center- 
ing most  in  use  is  formed  by  building  a  wall,  or  row  of  pillars,  of  brick 
in  mud,  in  contact  with  the  pier  or  abutment,  and  two  or  more  parallel 
rows  or  pillars  in  the  space  between ;  wall  or  pillar  plates  are  then  placed 
over  these  transversely.  On  these  are  put  strong  rafters  of  rough  wood, 
connected  together  by  others  forming  the  lagging,  on  which  is  built  a 
mass  of  brick  in  clay ;  leaving  the  upper  surface  plastered  with  clay,  and 
Inrought  to  the  exact  shape  of  the  intrados  of  the  arch ;  a  little  sand  is 
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then  sprinkled  over  It^  and  after  being  left  for  a  day  or  two  to  dry,  it  is 
ready  to  baild  npon.  Oare  mnst  be  taken  that  the  timber  is  strong 
enongh  not  to  bend  under  its  load.  When  the  span  is  not  yery  con- 
siderable, and  (in  the  case  of  a  river)  there  is  no  risk  of  flood,  there  is  no 
objection  to  this  kind  of  centre,  as  it  is  easily  contracted  and  is  econom- 
ical ;  nearly  all  the  bricks  in  the  pillars,  &c.,  as  they  are  only  set  in  day, 
can  be  nsed  afterwards  to  complete  the  bridge. 

When  however  the  span  is  more  than  80  feet,  it  will  be  advisable  to 
adopt  a  centering,  composed  of  four  or  five  timber  frames  constmcted 
npon  horizontal  tie-beams  supported  in  several  places  by  brick  pillars, 
from  the  top  of  which  stmts  should  radiate  to  support  the  main  ribs  in  as 
many  points  as  may  be  requisite.  These  main  ribs  are  to  be  preserved  from 
lateral  movement  by  cross  struts  and  braces,  and  the  irregular  polygon 
formed  by  them  must  be  brought  to  the  form  required  for  the  arch,  by 
supplementary  frame-work  of  slighter  construction,  under  the  lagging. 

In  important  works  these  centering  frames  should  be  scientifically  de- 
signed as  ^'  trusses ;"  and  where  intermediate  supports  cannot  be  used,  it 
is  imperatively  necessary  to  construct  trussed  frames  on  the  principles  ex- 
plained in  the  next  paragraph. 

878.  That  a  centre  may  be  sufficiently  strong  to  support  any  part 
or  the  whole  of  the  pressure,  and  be  stiff  enough  to  do  so  without 
changing  its  form,  the  strains  must  not  act  very  obliquely  on  the  sup- 
porting pieces,  the  magnitude  of  the  parts  must  be  proportional  to  the 
strains  on  them,  and  the  component  timbers  be  so  disposed  so  as  to 
prevent  any  part  rising,  instead  of  causing  it  to  rise  as  is  too  com- 

Vig.  1.  monly  the  case.     Fig.  1 

shows  the  centre  design- 
ed by  Smeaton  for  the 
Coldstream  Bridge,  and  it 
is  an  admirable  specimen 
of  a  centre  where  inter- 
mediate supports  can  ba 
obtained ;  but  when  intermediate  supports  are  impossible,  more  care  is  ne- 
cessary in  forming  a  design.  It  is  obvious  that  laying  a  load  on  the  haunch- 
es, must  have  a  tendency  to  raise  the  crown,  unless  it  be  so  constructed 
that  this  tendency  is  counteracted.  Let  the  line  AGA!yFig.  2,  represent 
the  curve  of  an  arch,  and  let  the  arch  stones  begin  to  press  upon  the  centre 
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ftt  B,  B',  when  the  joints  ineline  at  82*  to  the  hoiuon,  tnd  let  the  Utibi; 
of  the  arch  etones  proceed  alike  on  each  side.  Now  if  two  tnused  framea 
EDO,  E'D'C  obnt  ugaiaet  each  other  at  0,  the  point  cannot  riae  in  a 
eeneible  degree  from  the  pressnieB  at  D,  D',  and  mnch  additional  secutity 
may  be  gained  by  aiding  the  pieces  FF'  with  the  pieces  FI,  F'l'.  The 
firuning  of  this  centre  b^ina  on  each  side,  nearly  at  the  point  where  the 
yig.  2. 


uch  stones  first  exert  presenre.  The  cnrred  rib  mast  be  strong  enongh  to 
bear  the  parte  between  BD  and  DC,  bnt  the  bearings  may  be  shortened  by 
making  the  tbnttlDg  block  at  D,  D',  longer.  The  beams  EC,  E'G  will  be 
ties  until  the  arch  stones  are  laid  beyond  D,  D'.  They  will  then  begin  to 
•ot  as  stmts,  and  will  continne  so  to  act  nntil  the  whole  aich  is  laid.  This 
plan  of  centre  will  not  do  for  a  rery  large  span,  becaaee  it  then  requires  a 
very  long  piece  of  timber,  and  the  points  of  snpport  for  the  cnrred  rib  be- 
«ome  too  far  apart  to  be  supported  by  timbers  of  the  nsnal  dimensions. 
For  a  lai^er  arch  let  EF,  FF*,  and  F'E',  Fig.  3,  be  beams ;  let  them  be 
Fig.  8. 


tnused  and  abut  agtunst  each  other  at  F  and  F.    Then,  it  is  obTious  that 
when  the  loads  piees  e^Tially  ftt  P,  J>',  the;  iriU  haye  no  tendency  to  rftise 
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the  beam  FF  in  the  middlei  onleBs  it  is  too  weak  to  reaist  tbe  pi^easnre  in 
the  direction  of  its  length,  and  as  it  is  easy  to  giye  any  degree  of  strength 
that  may  be  required,  a  centre  of  this  form  with  little  variation  in  thQ 
trasses,  may  be  applied  to  any  span  which  will  admit  of  a  stone  bridge. 
When  timber  is  not  to  be  had  of  snfKcient  length,  the  beams  EF,  FF  E'F 
may  be  bnilt  beams :  according  to  the  methods  described  in  Chapter 
XIL 

S79«  Fig*  1|  Pl(xU  ZXXLi  shows  a  centre  for  a  small  span.  It 
consists  of  a  tmased  frame,  of  which  A  is  the  tie,  B  the  principal,  or,  as 
its  outer  edge  is  cnnred  to  tbe  contour  of  the  arcbi  it  is  called  bj 
Bmeaton  the/sUof,  C  the  post  or  puncheon,  and  F  a  stmtr  The  centre 
is  carried  by  the  piles  D,  on  the  top  of  which  is  a  capping  piece  E, 
extending  across  the  opening  |  and  the  wedge  blocks  a  are  interposed 
betwixt  it  and  the  tie-beam. 
Fig.  2,  another  centre,  also  for  small  spans. 
In  Fig.  8,  the  weight  of  the  centre  of  the  arch  is  earned  directly  by  the 
struts  to  the  ends  of  the  tie-beam;  the  tie-beam,  struts,  and  king^post 
A  making  a  simple  king-post  truss.  Two  other  trusses  support  the  arch 
above  the  haunches,  and  have  a  collar-piece  between  them  at  half  the 
height  of  the  arch.    The  ends  of  the  cross-braces  are  seen  at  a. 

Fig.  4  shows  a  centre  with  intermediate  supports  and  simple  framing, 
consisting  of  two  trusses  formed  on  the  puncheons,  over  the  intermediate 
supports,  as  king-posts,  and  subsidiary  trusses  for  the  haunches,  with 
struts  from  their  centres  parallel  to  the  main  struts. 

280.    Indian  EmmipUa  of  Centering,^^In.  the  annexed  Plates  are 
shown  some  other  centres  that  have  been  used  in  different  parts  of  India. 
FUae  XXXn.  and  XXXIIL    Centerings  used  for  the  Qanges  Canal 
Bridges. 

Plate  XXXII.,  Fig.  5.  Span,  20  feet,  the  ribs,  ten  in  number  (placed 
4  feet  apart),  were  supported  on  temporary  pedestals  made  of  brick  and 
mud,  erected  close  upon  the  piers.  The  ribs  rested  on  a  striking  appara- 
tus consisting  of  the  usual  double  wedge  or  pyramidal  shaped  bolts, 
which  were  supported  by  the  above  pedestals. 

Fig.  6.  The  whole  of  the  55  feet  span  arches  in  the  Northern  Division, 
of  the  Ghmges  Canal,  were  built  with  this  species  of  centering ;  its  great 
merit  consists  in  its  being  made  with  the  karrie  or  staple  rafter  brought 
from  the  Sewalik  forests,  in  the  harries  not  being  pierced  or  injured  by  ten- 
on and  mortise;  and,  consequently,  by  their  being  available  forotherpur* 
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poses  afterwards.    The  design  Is  an  excellent  and  a  most  economical  one* 

Plate  XXXm.,  Fig.  7.  Span,  55  feet,  nsed  for  some  of  the  birdges 
near  Roorkee. 

Fig»  8.    Span,  50  feet,  nsed  at  the  Solani  aqnednct. 

Plate  XXXIV.y  Figs.  9  and  10.  Centerings  with  intermediate  snp« 
ports  nsed  in  Madras. 

Pl<Ue  XXXY.,  Fig.  11.  Captain  Best's  centering  consists  of  a  series 
of  ribs,  each  composed  of  three  planks,  of  which  the  npper  one  is  hori- 
zontal, and  notched  at  each  end  into  two  planks  placed  transrersely :  to 
which  the  other  two  planks,  forming  the  rib  are  also  notched  at  their 
npper  ends,  and  have  their  lower  ends  resting  on  wedges,  placed  on  a 
temporary  brick-in-mud  wall,  pointed  with  chnnam,  in  contact  with  the 
pier  or  abutment.  Flanks  are  laid  oyer  the  ribs  at  right  angles  to  sup- 
port the  nsnal  stuffing  of  brick  and  mud.  The  ribs  are  placed  about  2 
feet  apart,  and  planks  1  foot  deep  and  2|  inches  broad  (if  of  good  teak) 
will  do  for  spans  under  45  feet.  If  they  are  of  mango  or  other  inferior 
wood,  the  dimensions  must  be  increased  a  little. 

The  advantages  of  this  centering  consist  in  the  simplicity  of  its  con- 
struction and  the  ease  with  which  it  may  be  carried  from  place  to  place, 
and  as  the  planks,  of  which  it  is  formed,  are  but  little  cut  up  in  being 
prepared  for  the  centering,  they  may  be  disposed  of,  if  not  required  for 
another  bridge,  at  nearly  their  original  value. 

Plate  XXXYL,  Pig.  12,  shows  the  details  of  the  centering  used  for 
the  Wurda  bridge  of  7  arches  of  50  feet  span,  and  10  feet  rise.  Three 
Bets  of  centres  were  used,  5  ribs  to  each  set ;  each  rib  weighing  about  1^ 
tons.  This  centering  answered  admirably,  and  was  struck  by  means  of 
Band  cylinders  as  described  in  a  succeeding  paragraph. 

281.  Striking  Centres^— When  the  arch  is  finished,  the  temporary 
supports  have  to  be  removed,  and  for  this  purpose  several  methods  are 
nsed,  which  have  to  be  provided  for  in  the  design  and  construction  of  the 
centering. 

Wedges. — ^The  most  usual  way,  until  sand-cylinders  were  introduced, 
was  by  means  of  wedges  placed  under  the  wall  or  pillar  plates,  by  the 
striking  of  which  on  their  sharp  ends,  the  wall  plates  may  be  gradually 
lowered.  These  being  double,  it  is  evident  that  if  their  small  ends,  aoj 
are  struck  inwards,  the  upper  line  ctb  will  be  lowered,  and  with  it  the 
wall  or  pillar  plate  c,  and  anything  supported  by  it. 
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Wedges  shonld  be  in  sets  of  three ;  the  middle  one  directly  under  the 
weight  supported, the  othertwo  at  equal 
distances  on  each  side  of  it ;  then  by 
striking  the  centre  one  first,  the  weight 
will  be  equally  supported  by  the  two 
side  wedges,  the  centre  one  being  refixed 
loosely,  the  side  wedges  may  be  struck 
till  the  weight  is  again  borne  by  the 
middle  wedge,  and  thus  the  lowmng 
may  be  safely  and  gradually  effected. 

The  wedges  oyer  eyery  pillar  should  all  be  struck  equally  and  simul- 
taneously, but  as  this  is  difficult  of  accomplishment,  it  may  be  sufficient 
if  the  wedges  are  struck  in  succession,  lowering  slightly  those  in  the  cen- 
tre line  first,  then  those  in  the  two  next  lines,  and  so  on  to  those  at  the 
springing,  taking  care  that  the  lowering  is  yery  gradual  and  equable. 

282.  In  order  to  ayoid  the  necessity  for  sending  men  in  under  the 
arch  to  strike  the  centerings,  the  wedges  may  be  connected  together  on 
beams,  so  placed  as  to  pass  outwards  from  the  two  centre  frames  or  trusses 
to  either  end  of  the  arch ;  striking  each  beam  inwards,  lowers  eyery  cen- 
tre frame  resting  upon  it.  In  centerings  entirely  supported  at  the  spring- 
ing of  the  arches,  four  such  beams,  or  two  on  each  side,  only  will  be  re- 
quired. In  centerings  on  pillars,  two  will  be  required  on  each  row  of 
pillars,  between  the  pillar  plates  and  the  trusses.  In  small  arches  these 
beams  may  be  driyen  inwards  with  mallets,  but  in  large  arches  the  work 
may  be  done  by  a  beam  mounted  and  worked  as  a  battering  ram. 

The  wedges  should  be  made  of  hard  wood,  and  the  beam  aboye  should 
also  be  hard  and  smooth ;  if  a  rough  timber  is  placed  on  the  top  of  a  badly 
formed  wedge,  there  will  be  the  greatest  difficulty  in  getting  the  latter 
to  moye  at  all ;  they  should  be  throughly  cleared  of  dirt  and  rubbish, 
and  be  well  oiled  before  the  process  of  lowering  commences. 

288.  Jach'8crew8.'^A  still  more  gradual  method  of  lowering  cen<^ 
terings  was  used  in  constructing  the  Boorkee  aqueduct,  yiz.,  by  the  in- 
troduction of  jack-screws  in  the  place  of  the  wedges,  prior  to  lowering ; 
this  was  effected  by  the  use  of  triple  wedges,  the  middle  wedge  bdng 
stuck  out  without  affecting  the  centering ;  its  place  being  then  suppli- 
ed by  the  screw  tightened  up  to  receiye  the  strain,  the  outer  wedges  were 
then  struck  away  and  the  pressure  left  on  the  screw.  The  screw  being  well 
oiled  and  fUly  up  to  the  work  required  of  it^  could  be  tumed  by  means  of 
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a  long  iron  I^er  to  as  to  lower  the  centering  almost  iasensibl  j.  A  rotr  of 
these  screws  might^as  in  the  case  of  the  beams  with  wedges  cutupon  them, 
be  connected  together,  so  as  to  work  entirely  from  ontside  of  the  arch* 

With  good  centerings,  howeyer,  and  well  turned  arches,  little  danger 
is  to  be  apprehended  in  standing  under  the  laigest  and  heayiest  arch, 
whilst  the  centering  is  being  lowered^  it  is  rather,  oommon  coarsely 
bnilt  arches  or  centerings,  brought  to  the  form  required  by  heayy  masses  of 
brick  and  mud,  from  which  danger  is  to  be  apprehended,  and  in  these  cases, 
wedges  connected  together,  so  as  to  be  strock  from  the  ontside,  should 
always  be  used ;  or  better  still,  such  centres  should  neyer  be  built  at  all. 

The  wedges  are  also  sometimes  placed  immediately  under  tlie  lagging, 
and  being  thus  more  numerous,  each  bears  less  weight,  and  can  therefore 
be  moyed  with  more  ease,  and,  consequently,  with  more  certainty ;  so 
much  so  that  the  centering  may  be  lowered  in  parts  and  accidental  dis- 
tortion of  the  arch  by  that  means  sometimes  rectified. 

284.  Sand'CylinderB. — But  by  far  the  best  mode  of  lowering  the 
centres  of  arches  is  by  means  of  Sand*bozes  or  cylinders,  which  was  thus 
described  by  Captain  Fowke,  B.E.,  in  his  Report  on  the  Paris  Exhibition 
Df  1855  :— 

''  The  employment  of  this  method  does  not  produce  the  slightestchange 
in  the  construction  of  the  centering  itself,  as  the  cylinder  is  simply  sub- 
eituted  for  the  wedges  on  which  tbecentres  are  supported.  The  apparatus 
consists  of  a  cylinder  of  wrought-iron,  12  inches  in  diameter  and  12 
inches  high,  which  is  placed  in  a  yertical  position  on  a  wooden  platform, 
on  which  it  is  prevented  from  slipping  by  a  circular  piece  of  wood,  three- 
fourths  of  an  inch  thick,  nailed  to  the  platform  and  fitting  the  interior 
diameter  of  the  cylinder.  Near  the  base  of  the  cylinder,  at  four  equidis- 
tant points  of  its  drcnmf  erence  are  bored  holes  1  inch  diameter,  which  are 
stopped  by  corks  introduced  from  the  interior  of  the  cylinder,  which  is 
then  filled  to  within  2  inches  of  the  top  with  sand  preyiously  dried  and 
passed  through  a  fine  sieve ;  and  into  the  space  thus  left  is  fitted  a  solid 
piston  or  plunger  of  wood,  coinciding  exactly  with  the  interior  diameter  of 
the  cylinder,  about  10  inches  high ;  the  whole  apparatus  which  is  thus  about 
20  inches  in  height,  is  then  introduced  under  the  centres  in  lieu  of  wedges. 

^'  At  a  given  signal,  the  corks  closing  the  orifices  in  the  cylinders  are 
withdrawn  by  an  iron  rod  about  a  foot  long  and  0*81  of  an  inch  in  dia* 
meter,  pointed  at  one  of  its  extremities  and  flattened  and  turned  up  at 
the  other*    The  imd  then  isiuea  alowly  until  it  has  formed  a  little 


cone  opposite  each  hole,  and  stops.  Wliea  ereiTthing  is  ready,  the 
Eugiueer  giyes  the  order  to  lover  from  2^  to  2  inches ;  then,  by  means 
of  the  iron  rods,  the  mea  remove  the  cones  of  sand,  and  help  its  escape 
nith  the  caired  end  in  the  event  of  ita  having  got  wet  daring  the  progress 
of  the  work,  until  t3ie  piston  shall  have  descended  the  distance  reqTiired, 
which  will  be  noted  by  a  scale  attached  to  each  piston.  The  workman  then 
allows  the  little  cone  of  sand  to  accnmnlate  and  waits  for  a  fieeh  signal, 
and  in  this  way  the  centre  descends  gradoaUy,  and  detaches  itself  onifona- 
ly  &om  the  arch,  without  shaking  it.  It  will  be  seen  that  being  com- 
pletely master  of  the  operation,  leisure  is  given  to  make  all  neoessar; 
observations,  so  as  to  be  assured  that  all  goes  on  well,  or  to  take  mea- 
sures should  the  contrary  be  the  case.  At  the  Pont  d'Aosterlits, 
commenced  the  20th  May,  1854,  and  opened  for  traffic  on  the  8th  Nov- 
ember, the  centres  were  struck  in  two  honrs,  and  it  ought  have  been 
performed  in  still  less  time  by  placing  a  man  to  each  of  the  cylinders,  so 
as  to  lower  all  the  centres  simultaneously.  Each  arch  of  the  bridge  was 
supported  by  36  principals,  and  the  enormous  weight  of  both  the  masonry 
of  the  arch  and  the  metal  of  the  roadway,  bore  on  the  centres,  they  not 
having  been  removed  nntil  aftertheopeniugof  t^e  bridge  to  the  pnblic." 
380.  Sand^oxea. — Thismethodhaabeenlatelymuchadoptedin India, 
and  the  following  are  examples  of  ita  application  in  particular  instances  :— 
B,  L  Saibvay  Bridget. — "  Uany  of  the  bridges  in  the  Uinapnr  district  are  built 
wilb  aaUar  uchat  of  60  feet  spsn  and  of  grett  weight,  neceuitatiiig  a  very  itong 
centering ;  thii  comiBtad  generally  of  seven  ribs  of  ail  timber,  canying  for  Uggings 
a  lajer  of  the  sleepen,  afterwuda  oaed  In  the  permanent  w^r.  The  ribs  wexe  kspt 
vertical  by  being  tied  togetbu  with  cms  bncw,  snd  were  anppoited  wil{t  foni  pun 
oE  wedges  under  each  lib  in  the  nsoal  way. 
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Xlie  ceoteriDg  of  oar  first  arch  was  ittDck  in  the  old  way  i  a  n 
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hamoier  wu  pkced  over  etch  {wir  of  wedges,  Bud  at  a  giren  word  they  all  tlrnck 
together.  From  Uiat  momeat,  the  noUe  of  the  hammers  rendered  any  farther  order 
inandtble,  and  the  wedges  came  ont  one  after  the  other,  in  no  particniar  order  accord- 
ing to  their  tdghtnese  or  the  strength  of  the  hitting.  The  resnlt  wbb  most  nnEortn- 
nate  i  the  heavjt  ribs  came  down  singly,  and  in  so  doing  broke  from  the  cross  ties,  and 
nltiniately  fell  over  on  their  side  serereljt  iojuing  some  of  the  hanunennAi. 

"  It  was  this  accident  vrhich  canted  the  adoption  of  sand  boxes,  which  were  made 
in  the  following  way  : — 

The  box  is  made  of  2-inch  sal  pUnk,  18'  X  9°  X  9'  inside  dimension ;  the  sides  are 
dove-tailed  into  the  ends,  and  the  jtunts  all  secured  with  E-inch  ecrews  ;  the  top  is  left 
open.  Ogt  this  box  and  resting  on  the  sand,  is  a  rectangular  block  measnring 
16"  X  8'  X  8",  so  as  to  giro  half  an  inch  play  at  each  side  and  one  inch  at  the  ends. 
At  each  aide  of  the  bottom  of  the  box,  are  a  conple  of  l-inch  holes  sloping  upwards 
and  inwards,  and  closed  for  the  ttme  with  wooden  plogs  looaely  driven  in  and  Inted 
roond  with  a  little  moist  day. 

"  When  the  arch  is  ready  for  striking,  four  of  these  boxes  (28  in  all)  are  placed 
under  each  rib  as  near  ss  possibls  to  the  snpportlng  wedges,  the  box  filled  with  diy 
sand,  the  block  laid  caiefoll;  on  the  sand  so  as  to  be  dear  of  the  inner  edges  of  the 
box,  and  a  pair  of  greased  wedges  with  only  1-inch  taper  are  driven  with  a  hand  ham- 
mer between  the  block  and  the  tie-beam  of  the  rib.  The  old  wedftes  are  then  easily 
knocked  oat,  and  the  aich  rests  on  the  sand  and  is  freed  by  drawing  ont  the  pings. 

"  The  same  set  of  boxes  was  osed  for  sixteen  arches  withont  roceiviog  any  material 
damage. 

"  This  consbuction  of  sand-boxes  may  perhaps  appear  too  sipiple  to  be  worth  des- 
cribing, and  the  only  feature  to  which  I  wish  to  draw  attention  is,  that  the  sorface  of 
the  sand  is  left  uncovered  for  half  an  inch  all  round  tiie  edges  and  shows  no  tendency 
to  overflow,  notwithstanding  the  enoimons  weight  laid  on  it,  it  being  the  proper^  of 
Band  not  to  transmit  lateral  pressure  beyond  a  certun  angle. 

"  The  central  eurfacc  of  sand  on  which  the  block  is  laid  forma  soch  an  unyielding 
hed,  that  in  transferring  the  weight  of  the  arch  and  centering  from  the  old  wedges  la 
the  sand-boxes,  the  greatest  subsidence  observed  at  the  crown  was  never  mon  than, 
one-wghth  of  an  inch, 
■■  The  play  thus  allowed  to  the  block  is  essential  to  its  steady  deecent,  because  as  the 
■and  b  let  out  by  the  aides,  iU  upper  surface 
doee  not  remain  horiz<Hital,  and  the  block  be- 
ing no  longer  on  a  level  bed,  would,  if  made  to 
fit  tight,  most  Inevitably  get  jammed  and  stop 
or  burst  the  box  ;  any  close  fitting  ping  or  pis- 
ton will  I  think  be  found  to  &il  on  this  acconuL 
"I  woold  saggeetthe  following  modification 
of  the  above  coustnctLon  as  applicable  to  verr 
large  spans,  or  to  any  case  where  the  arch  n- 
quires  to  be  let  dovrn  slowly,  or  the  process  <^ 
toweling  to  be  stopped  at  any  point 

"Dispense  with  iht  plugs,  and  let  the  boZ 

stand  on  a  plank  a  foot  wider  than  itaelf  so 

as  to  form  a  shelf  6  inches  wide  nuder  the  plug  boles  ( thus  the  sand  from  the  holea 

will  stand  on  this  pUnk  in  small  conea  at  aboot  SO*  to  the  hori»m,  and  will  atop  the 
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holes  88  effectnally  88  a  plnc^.  By  sweeping  these  oones  away  with  the  hand,  the  Band 
will  escape  and  the  centering  may  be  lowered  with  any  degree  of  slowness  ;  by  letting 
the  oones  stand,  the  process  may  be  stopped.  By  the  same  means,  one  part  of  the 
arch  may  be  lowered  more  qnickly  than  another,  which  is  somelimes  advantageona 
when  cracks  occnr  in  unexpected  places. 
286.    Sand-bags.-^'ln  the  following  case  SBni-bags  were  used  instead 

of  boosesj  but  the  latter  are  to  be  preferred  : — 

Mprhfw  Bridge^  Bengal— ^\x.  arches  of  74  feet  span  {see  Plate  XXXVH)  The 
centres  were  designed  with  double  longitudinal  beams,  the  lower  one  carried  on  the 
posts  and  stmts  forming  the  supports  of  the  centre,  and  the  upper  one  forming  the  tie 
to  the  series  of  triangles,  forming  the  upper  portion  of  the  centres.  This  upper 
beam  rested  on  the  lower  at  a  distance  of  12  feet  through  blocks  8  x  8  x  12  inches 
of  soft  easily  splitting  wood  (dhow).  When  the  arch  had  been  keyed,  a  strong  sack 
made  of  double  course  country  canvas  (tat)  made  as  a  tube,  filled  with  dry  sand  and 
tied  with  string  at  both  ends,  was  introduced  between  these  two  beams  close  to  each 
block,  a  plate  of  stout  plank  (12  X  15  X  2  inches)  being  placed  above  and  below  to 
distribute  the  pressure  fairly  over  the  bag ;  and  finely  tapered  wedges  in  pairs  were 
driven  between  the  upper  plate  and  the  upper  longitudinal  beams  with  heavy  mallets, 
until  the  weight  of  the  centres  in  lieu  of  resting  on  the  blocks,  was  borne  by  the  sand, 
bags,  and  the  blocks  were  so  far  loosened  that  they  could  be  easily  driven  out  of  their 
places  with  a  few  blows  of  the  mallets.  Any  individual  blocks  which  could  not  be 
thus  relieved,  or,  were  jammed,  were  split  out  by  carpenters,  but  this  was  not  found 
necessary  in  more  than  two  or  three  cases.  The  blocks  were  then  re-introduoed  into 
their  places,  but  laid  on  their  sides  instead  of  on  end,  thus  leaving  a  space  of  4 
inches  between  their  upper  surfaces  and  the  lower  side  of  the  upper  longitudinaL 
The  whole  centres  now  rested  on  the  bags,  of  which  eight  supported  each  truss,  or 
forty  the  complete  centre.  Eighty  ordinary  coolies  were  now  brought  up,  two  to 
each  bag,  (one  taking  charge  of  each  mouth.)  and  two  or  three  Europeans  posted 
among  them  to  see,  and  report,  each  order  obeyed.  The  word  was  then  successively 
given — First,  to  untie  the  upnstream  mouths  of  each  bag  but  not  to  allow  any  sand  to 
escape ;  second,  to  untie  the  down-stream  mouths ;  third,  to  allow  the  sand  to  run  out 
of  the  bag,  when  the  whole  of  the  centre  sank  gradually  and  steadily  until  it  again 
rested  on  the  blocks  placed  to  receive  it,  leaving  the  arch  unsupported. 

It  was  really  a  very  pretty  sight  to  see  the  large  mass  of  complicated  timber  fram* 
ing  74  X  24  X  16  feet,  and  weighing  nearly  50  tons  besides  the  portion  of  the 
weight  of  the  arch  of  masonry  resting  on  it,  gradually  subside,  with  a  motion  so  slow 
and  smooth  that  it  was  prefectly  unnotioeable  even  while  standing  on  it,  except  by 
the  separation  between  the  lagging  and  the  arch,  and  the  approximation  between  the 
longitudinal  beams ;  so  uniform  was  the  motion,  that  not  even  a  creak  was  heard 
from  any  joint  of  the  frame,  and  the  time  occupied  by  the  movement  did  not  exceed 
one  minute.  The  amount  of  sinkage  at  the  crown  of  the  arch  was  accurately  noted 
by  means  of  two  heavy  leaden  plummets  weighing  8  to  10  lbs.  each,  and  having  a 
small  brass  scale  attached,  one  of  which  was  hung  from  either  side  of  the  crown  by 
an  iron  wire,  and  rested  in  a  tub  of  water  below  to  check  any  oscillation  of  the  plumb 
bob  ;  consequently,  the  depth  to  which  the  scale  was  immersed,  before  and  after  strik* 
ing,  being  carefully  noted,  the  difference  showed  the  exact  amount  the  crown  of  the 
arch  had  sunk }  this  measurement  was  further  checked  in  some  arches,  by  observing 

apoint  on  thek^  of  the  arch  from  a  distance  through  the  telescope  q£  a  theodolite. 


CHAPTER    XV. 

PLOOES,  PARTITIONS  AND  STAIRCASES. 

287.  ALTHouaH  donble-storied  booses  are  rare  in  India,  more  espe* 
dally  np*conntry,  still  they  are  occasionally  built,  as  in  the  case  of  new 
Barracks,  houses  in  the  hills,  &c.  We  shall  therefore  describe  Timber 
Floors,  Partitions,  and  Staircases,  which  are  generally  required  when  the 
building  consists  of  more  than  a  single  story. 

Floors.— Tredgold  describes  three  sorts  of  Roors^^nglejoisted,  double 
jaiatedf  md  framed.  These  are  respectively  shown  in  Figs.  1,  2,  3,  of 
FkUe  XXXYIII.  It  was  found  by  experiment  that  the  single  joisted 
floor  was  the  strongest ;  indeed,  the  complication  of  the  others  is  quite 
unnecessary  as  regards  strength,  and  results  only  from  a  desire  to  make 
as  perfect  a  ceiling  as  possible,  it  being  found  that  ceilings  so  supported 
are  little  subject  to  cracks  and  irregularities ;  in  India,  where  ceilings  are 
not  considered  essential,  the  single  joisted  floor  should  undoubtedly  be 
used.  As  planking  is  generally  difScult  to  obtain,  and  is  apt  to  warp  or 
rot,  the  floor  of  an  upper  story  is  often  made  with  tiles,  and  plastered  in 
much  the  same  way  as  a  flat  roof,  the  girders  and  bargahs  disposed  in  the 
same  way  as  in  its  construction,  and  the  calculation  for  them  being  of 
a  precisely  similar  nature ;  but  as  a  floor  should  not  oscillate  by  the 
moTement  of  people,  it  is  better  to  have  frequent  timbers  of  a  stiff  section^ 
than  infrequent  timbers  of  a  section  which  is  stronger,  but  not  so  stiff. 

288.  Plate  XXXVIII.,  Fig.  1.— Bridging  joist  or  Single  joisted 
Floors. — No.  1  is  the  plan  of  an  apartment :  a  a  a  a,  are  the  walls,  h  b 
the  wall-plates,  c  c  c  c,  &c.,  the  bridging-joists,  d  d  part  of  the  flooring 
boards.  The  bridging-joists  are  usually  placed  from  10  to  12  inches 
apart :  their  scantling  is  dependent  on  their  length,  their  distance  apart, 
and  the  weight  they  have  to  carry,  and  may  be  calculated  as  in  the  case 
of  flat  roofs. 

No.  2  shows  a  section  through  the  joists  at  right  angles  to  their 
direction :  c  c  are  the  bridging-joistSj  d  the  edge  of  one  of  the  flooring* 
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boards,  €  « tbe  side  of  a  ceiling-jGist.  The  ceilmg-joiBts  cross  the  bridg- 
ing-joists at  right  angles,  as  seen  tkteeiy  No.  1,  and  are  notched  np  to 
ihem  and  fastened  with  nails.  Sometimes  erery  third  or  fourth  bridg- 
ing-joist is  made  deeper  than  its  fello?ra,  and  the  ceiling-joists  are  then 
fixed  to  them  only.  This  has  the  advantages  of  preyenting  sonnd 
passing  so  readily,  and  making  the  ceiling  stand  better. 

289.  When  the  bearing  of  single  joists  exceeds  8  feet,  they  should 
be  strutted  between,  to  preyent  their  twisting,  and  to  give  them  stiffness* 
When  the  bearing  exceeds  12  feet,  two  rows  of  stmts  are  necessary ;  and 
so  on,  adding  a  row  of  struts  for  eyery  increase  of  4  feet  in  the  bearing* 

There  are  three  modes  of  strutting  employed,  the  first  and  most 
simple  is  to  insert  a  piece  of  board,  nearly  of  the  depth  of  the  joists, 
between  every  two  joists,  so  as  to  form  a  continuous  lines  across.  The 
struts  should  fit  rather  tightly,  and  are  simply  nailed  to  keep  them  in 
position.  The  second  mode  is  to  mortise  a  line  of  stout  pieces  into  the 
joists  in  a  continuous  line  across,  but  the  mortises  materially  weaken  the 
joists.  The  third  mode  is  represented  in  the  section  No.  2 ;  //are  double 
struts,  of  pieces  from  3  to  4  inches  wide  and  1^  inch  thick,  crossing 
each  other,  and  nailed  at  the  crossing  to  each  other  and  at  their  ends  to 
the  joists.  The  struts  should  be  cut  at  their  ends  to  the  bevel  proper  for 
their  inclination.  To  save  the  trouble  of  boring  holes  for  the  nails,  two 
slight  cuts  are  made  at  each  end  with  a  wide-set  saw,  and  the  strut  is 
nailed  through  these  with  clasp-nails.  Of  the  three  modes,  the  last  is 
the  best.    In  No.  1,  ///  show  three  lines  of  struts. 

290.  Trimmers. — When  some  joists  would,  from  their  position,  run 
into  a  fireplace  or  flues  in  a  wall,  it  is  improper  to  give  them  a  bearing 
there.  In  the  case  of  the  floor,  Fig.  1,  two  short  timbers,  called  *^  trim- 
mers,'' are  introduced— one  on  each  side  of  the  place  to  be  cleared,  with  one 
end  resting  in  the  wall,  and  the  other  framed  into  the  third  joist  from  it : 
into  the  outer  side  of  these,  respectively,  the  end  portions  of  the  two 
first  joists  are  framed,  the  intermediate  portion  being  dispensed  with. 
The  joist  into  which  the  trimmers  are  framed  is  called  the  '^  trimming- 
joist,"  and  is  made  thicker  than  the  others,  according  to  the  number  of 
joists  dependent  on  it  for  support.  The  hearth  rests  on  a  brick  arch 
turned  between  the  trimmer  and  the  wall.  Trimming  is  also  resorted  to 
for  stair  and  other  openings. 

291.  Timber   partitions  are  internal  vertical  divisions  used  in 
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the  upper  stories  of  a  building,  to  make  the  separations  r'eqiiiced  in  fonn« 
ing  the  apartments.  When  such  apartments  are  more  numerous  than  in 
the  lower  stories,  the  partitions  should  be  so  constructed  as  in  no  way  to 
influence,  by  their  weight,  the  integrity  of  the  ceilings  of  the  rooma 
beneath ;  and  their  weight  therefore  should  be  transferred,  by  the  system 
of  framing,  to  the  immoveable  points  of  the  structure.  i 

To  accomplish  this,  trussed  or  quartered  partitions  are  used.  These 
are  framed  on  the  same  principle  as  a  king  or  queen-post  roof ;  and  are 
equally  capable  of  bearing  a  strain  proportionate  to  the  scantling  of  the 
timbers  of  which  they  are  composed. 

Timber  partitions  should  not  be  used  in  dividing  the  ground  floors 
into  apartments,  because  of  their  liability  to  be  affected  by  damp.  Stones 
or  bricks  are  the  proper  materials  to  use  in  such  places. 

292.  Plate  XXXIX.,  Fig,  1,  is  a  partition  trussed  on  the  principle 
of  the  queen-post  roof.  The  object  aimed  at  in  this  case  is  to  resolve 
all  the  pressures  or  weights  of  the  partition  into  vertical  or  downward 
pressure  on  the  walls,  which  in  the  example  before  us,  is  rendered 
easy  by  the  symmetrical  arrangement  of  the  openings.  For  it  will  be 
readily  seen  that  the  pieces  DD,  with  the  intertie  AA,  the  straining- 
piece  A,  and  the  struts  d  actmg  in  the  same  manner  as  roof  principals, 
form  a  queen-post  truss ;  the  intertie  AA  being  rendered  continuous 
as  a  tie-beam  by  the  straps  at  a  a.  The  strut  c  serves  to  discharge 
the  downward  pressure  at  m  to  the  wall ;  and  the  counter-strut /the 
pressure  at  n  to  the  foot  of  the  queen-post  D.  The  actual  stability  of 
the  partition,  however,  depends  on  the  upper  trussing ;  that  is,  on  the 
framing  composed  of  the  tie  AA,  the  posts  DD,  the  principals  d  d,  and 
the  straining-piece  A.  0  is  the  headpiece  of  the  partition,  B  its  sill, 
I  the  door-posts,  and  it  the  door-frame ;  bb^hb  are  the  joists  of  the 
floors  above  and  below.  The  counterbraces,  such  as  </,  prevent  the 
sagging  of  the  main  struts,  and  give  additional  stiffness  and  firmness 
to  the  framing. 

This  partition  is  at  right  angles  to  the  direction  of  the  joists  b  b,  and 
therefore  when  the  door-posts  do  not  fall  upon  a  joist,  it  is  necessary  to 
support  them  by  pieces,  as  k. 

293.  Fig.  2,  No.  1.—- In  this  example,  the  intertie  B,  the  post  D, 
and  the  struts  g,  form  a  king-post  truss.  The  door-posts  I  are  secured 
by  the  straps  at  o  and  p^  the  intertie  is  continuous,  and  the  king-post  is 
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tendered  so  by  the  strap  at  m.  The  sill  is  sustained  by  the  strap  at  n, 
and  thus  the  whole  system  of  the  framing  is  dependent  on  the  upper  por- 
tion of  the  truss  :  e  and  /  are  the  struts,  and  kh  the  doorcase ;  A  the 
headpiece,  and  hk  joists  of  the  floor  aboye. 

In  No.  2,  the  upper  portion  of  the  truss  is  on  the  queen-post  principle 
D  is  the  intertie,  which,  as  before,  is  the  tie-beam ;  e  is  the  strut  form* 
ing  the  principal,  and /the  straining-piece.  The  door-posts  A,  B,  are 
suspended  by  the  straps  c  c,  E  is  the  sill,  d  a  strut  or  brace,  g  a  coxmter- 
brace,  and  G  the  headpiece. 

294.  Joiners'  work. — Doobs.  The  door  and  door  frames  are  two 
distinct  parts  of  the  house-ftUing.  The  door  frame  consists  essentially  of 
four  pieces,  called  stanchions  or  posts,  and  a  topsill  or  lintel  and  a  ground- 
sill. For  external  doors,  the  parts  are  generally  of  solid  timber  cut  with 
a  rebate  on  the  inner  faces  for  the  door  to  shut  against ;  the  topsill  or 
lintel  is  almost  always  of  solid  timber,  as  even  if  it  has  no  superincimi- 
bent  weight  to  carry,  (which  it  should  not  have,)  the  stability  of  the  door 
f  depends  much  on  the  bonding  of  the  topsill  into  the  wall.  The  ground- 
sill is  generally  of  hard  wood  or  stone,  in  order  to  withstand  the  wear  of 
the  traffic.  The  framing  together  of  these  four  pieces  is  done  in  the 
mannerof  ordinary  carpenters' framing,  and  the  timber  is  generally  wrought 
or  planed.  It  is  fixed  in  the  reveal  constructed  in  the  wall  to  keep  the 
wind  and  rain  from  passing  between  the  frame  and  the  wall ;  hence  an  ex- 
ternal door  always  opens  inwards,  an  arrangement  suitable  both  for  con- 
venience and  defence.  The  frame  of  an  internal  door  may  be  made  in  the 
Bame  manner  as  that  of  an  external  door,  and  set  in  a  reveal  in  the  wall ; 
but  it  is  usual  in  ordinary  houses  to  line  the  whole  of  the  door  opening 
in  the  wall  with  wood  for  the  sake  of  appearance,  and  the  vertical  and 
top  pieces  of  this  lining  are  used  as  the  posts  and  topsill  of  the  door 
frame ;  hence  an  internal  door-frame  is  a  kind  of  box,  the  pieces  of  which 
are  dove- tailed  together,  and  are  thick  enough  to  allow  of  a  rebate  being 
cut  in  them  for  the  door  to  shut  against.  As  the  efficiency  of  a  door 
frame  depends  more  on  its  stifihess  than  its  strength,  the  scantlings 
should  never  be  very  small ;  probably  8x8  inches  is  the  smallest 
section  that  should  be  given  to  any  solid  door  frame,  and  a  barrack  solid 
door  frame  should  be  4  X  ^  inches.  An  internal  door  should  be  flush 
with  the  wall  of  the  room  it  leads  into,  and  should  open  into  the  room. 
896*    The  door  itself  is  composed  of  A  frame  of  4  or  more  pieoeS)  con- 
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eiijting  of  two  vertjcals,  called  slgles,  one  horiEontal  at  tlie  top,  and  an- 
other at  tiie  bottom,  called  the  top  rail,  and  bottom  rail,  and  two  more  in- 
tenaediat«  horizontal  piecee  called  the  lock  rail  uiifritte  rail,  and  eome- 
times  an  mtermediate  stjle  (called  montant,  mounting,  mnllion)  to  rednce 
the  breadth  of  the  panelling ;  according  to  tiie  mode  of  filling  in  this 
framework  the  door  receives  its  technical  name.  The  rails  are  framed  in 
between  the  atylea  with  conunoo  mortises  and  tenons,  driven  np  tight 
with  little  wooden  wedges.  The  intermediate  styles  are  framed  in  be- 
tween tiie  rails.  The  filling  in  is  sometimes  of  boards  or  battens  nailed 
against  the  framework,  or  let  in  flash  with  the  framework  on  one  side ; 
this  method  is  generally  need  with  common  doors  as  for  barrack  rooms, 
and  is  called  a/ramed  and  battentd  door.  Sometimes  the  filling  in  is  of 
tiiin  panels  of  wood  mortised  into  the  frame  with  a  continaooBgraOTeall 
ronnd;  this  is  nsed  with  doors  of  more  important  rooms,  and  is  called  a 
framed  mui  panelled  door.  It  is  the  strongest  description  for  ordinary 
pnipoHcs.  In  large  battened  doors  a  diagonal  brace  is  sometimes  intro- 
duced extending  bom  the  upper  oat«r  corner  to  the  lower  inner  comer, 
Fi0.i. 


In  ordinary  framed  doors,  tiie  top  and  frieze  rails  are  generally  of  the 
same  width  as  the  styles,  the  bottom  and  lock  ruls  geaerally  twice  as 
tride.  In  Fig.  1,  a,  a  are  styles,  b  the  montant,  c  bottom  rail,  dlock  rail, 
e  frieze  riul,  /  top  rtul,  g  tnezB  panel,  A  middle  panel,  i  bottom  panel. 
"When  a  doorway  is  closed  by  two  doors  of  equal  width  hinged  to  its  oppo- 
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site  jambs,  the  middle  or  meeting  styles  are  frequently  rebated  and 
beaded ;  snch  a  door  is  termed  a  cUnAle-margined  door  or  tUHhleaved  door. 
Poors  also,  whieb,  whilst  they  are  in  one  width  are  framed  with  a  wide 
Btyle  in  the  middle,  beaded  in  the  centre  in  imitation  of  the  two  styles  of 
a  two-leaved  door,  are  also  called  donble-margined  doors.  Fig.  2  shows 
the  appearance  of  the  two-leayed  and  donble-margined  doors.  A  sash 
do6r  is  one  which  is  glazed  aboye  the  lock  raiL 

296.  Windows.— -There  are  three  ordinary  methods  of  arranging  the 
opening  of  windows,  requiring  three  kinds  of  construction. 

laU  The  Sliding  Saah,  in  which  the  window  slides  vertically  up  and 
down  in  its  frame,  being  counterbalanced  by  two  weights,  one  on  each 
side,  moving  in  boxes  made  in  the  frames  and  connected  with  the  windows 
by  cords  passing  over  puUies  at  the  top.  This  is  the  method  commonly 
used  in  England,  and  is  the  most  effective  one  in  climates  of  much  wind 
and  rain.  There  is  a  window  frame,  just  as  there  is  a  door  frame,  for  the 
windows  to  work  in,  and  this  is  made  of  four  pieces  like  a  door  frame, 
two  side  pieces,  a  top  sill,  and  a  bottom  sill.  The  side  pieces,  instead  of 
being  solid,  consist  of  the  boxes  before  mentioned,  or  eaves  as  they  are 
called,  made  of  thin  boards,  the  sides  of  which  project  slightly  towards 
the  window,  forming  a  kind  of  groove  for  the  window  to  slide  in.  The 
top  and  bottom  sills  are  cut  with  a  rebate  for  the  window  to  shut  against, 
and  the  bottom  sill  is  toeaiheredf  that  is  sloped  on  its  upper  surface  to 
cany  off  the  ram.  The  bottom  sill  is  generally  of  hard  wood,  on  ac- 
count of  its  exposure  to  wet.  The  frame  is  made  by  the  carpenter  and 
fixed  in  its  place  by  the  mason  or  bricklayer. 

The  window  or  sashf  as  the  joiner  calls  it,  is  made  like  a  door,  of  a 
frame  of  four  pieces,  two  styles  and  two  rails  :  they  are  put  together  on 
the  same  principles  as  in  a  door ;  the  intermediate  pieces  to  hold  the  panes 
are  called  the  sash  hare.  The  vertical  sash  bars  extend  continuously  from 
top  to  bottom,  the  horizontal  bars  are  framed  in  between  them.  The  bars 
and  frame  pieces  are  cut  with  a  rebate  on  the  outer  sides  forming  a 
shoulder  against  which  the  glass  is  laid ;  the  underside  of  the  bottom  rail 
is  bevilled  to  fit  the  weatherings  of  the  bottom  sill  of  the  window  frame. 

When  the  window  is  in  two  separate  pieces,  or  is  hung  double^  having 
an  upper  and  a  lower  sash,  each  piece  is  hung  separately  to  a  pair  of 
counterbalancing  weights,  the  upper  sash  slides  downwards  to  open,  and 
the  lower  sash  slides  upwards,  the  upper  one  being  placed  outside  the 
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lower  one  for  this  object  partly.  The  meeting  rails  of  the  two  sashes  are 
cnt  with  a  beril  on  the  inner  and  outer  edges,  respectiTely,  in  order  that 
they  may  fit  qnite  closely  when  shut. 

The  size  of  the  panes  or  intervals  of  the  sash  bars  are  determined  by 
the  most  conyenient  and  economical  sizes  of  glass  which  can  be  obtained. 
The  pnllies  of  the  counterbalancing  wdghts  are  generally  made  of  brass, 
and  the  weights  of  lead,  and  the  cords  of  a  small  white  rope  called,  sash 
cord.  The  only  other  fastening  required  is  one  connecting  the  two  meet- 
ing rails  together,  which  should  be  such  that  when  open  it  shall  not  inter- 
fere with  the  movement  of  the  sash ;  it  is  partly  for  conyenience  of  arrange- 
ment of  this  fastening  that  the  upper  sash  is  placed  outside  the  lower  one. 

2nd.  Casement  Windows. — ^The  second  method  of  opening  windows  is 
that  generally  used  on  the  continent,  and  in  Indian  houses,  of  hanging 
them  with  hinges  to  the  frame  to  open  like  a  door.  It  is  very  difficult 
to  keep  out  the  weather  with  this  method.  The  window  frame  is  in  this 
case  solid,  and  is  cut  with  rebates  on  the  side  pieces  and  sills  for  the 
windows  to  shut  against,  otherwise  the  frame  is  made  on  the  same  prin- 
ciples as  a  door  frame.  The  window  is  generally  divided  in  two  parts  or 
leaves  vertically,  like  a  folding  door,  in  order  to  reduce  the  breadth  of  the 
moving  part.  Each  part  is  made  of  a  frame  of  four  pieces  with  sash  bars, 
but  in  this  case  the  horizontal  bars  should  extend  continuously  through, 
and  the  vertical  bars  should  be  framed  in  between  them.  Several  different 
methods  have  been  proposed  of  forming  the  rebates,  and  the  junction  of 
the  two  centre  styles,  with  the  object  of  effectually  keeping  out  the  rain 
and  wind ;  the  most  effective  appears  to  be  to  make  a  curved  groove  in 
one  part,  and  a  corresponding  curved  tongue  or  projection  on  the  other, 
80  as  to  fit  close  to  each  other  when  shut. 

Besides  the  hinges,  a  fastening  similar  to  a  door  lock  and  bolts  are 
required  for  this  window. 

9rd.  Swinging  TTtndou^.— Another  method  of  arranging  the  opening 
of  a  window,  common  in  factories,  barracks  and  any  lofty  rooms,  is  by 
swinging  it  on  two  horizontal  pivots  in  the  side  styles,  a  little  above  the 
centre  of  their  height,  so  that  it  is  opened  and  shut  by  means  of  two  lineSi 
one  from  the  top  rail,  and  one  from  the  bottom,  the  upper  part  opening 
inwards  and  the  lower  part  opening  outwards.  This  is  therefore  an  advan^ 
tageous  plan  for  windows,  out  of  ordinary  reach  of  hand.  The  horizontal 
sash  bars  in  this  window  should  extend  contmuotuly  acrossi  and  there 
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flliotild  be  a  centre  rail  to  hold  tiie  two  piyots.  It  is  easier  to  make  this 
window  water-tight  than  the  casement  window,  becanse  a  rebate  forming 
an  effectiYe  stop  can  be  cnt  in  the  inner  side  of  the  top  part,  and  the 
onter  side  of  the  bottom  part.  It  is  not  applicable  to  large  windows^  on 
account  of  the  strain  from  the  mode  of  hanging. 

The  weight  and  strength  of  a  window  depends  much  on  the  thickness 
of  the  wood  work,  as  in  the  case  of  a  door ;  1|  inches  is  a  suitable 
thickness  for  an  ordinary  barrack  window.  The  sash  bars  are  generally 
the  same  thickness  as  the  frame. 

297.  Btairoasbs. — Stairs  are  oonstmctionB  composed  of  horizontal 
planes  elevated  above  each  other,  forming  steps ;  affording  the  means 
of  communication  between  the  different  stories  of  a  building. 

The  horizontal  part  of  a  step  is  called  the  tread;  the  vertical  part 
the  riser;  the  breadth  or  distance  from  riser  to  riser,  the  going^ 

When  the  steps  are  narrower  at  one  end  than  the  other,  they  are 
termed  winders. 

The  wide  step  introduced  as  a  resting-place  in  ihe  ascent  is  a  landing^ 
and  the  top  of  a  stair  is  also  so  called.  When  the  landing  at  a  resting 
place  is  square,  it  is  designated  a  quarter  space.  When  the  landing 
occupies  the  whole  width  of  the  staurcase  it  is  called  a  half  space.  So 
much  of  a  stair  as  is  included  between  two  landings  is  called  a  flighty 
especially  if  the  risers  are  parallel  with  each  other :  the  steps  in  this 
case  are  fliers  :  the  distance  from  the  first  to  the  last  riser  in  a  flight| 
the  going  of  theflighL 

The  raking  pieces  which  support  the  ends  of  Jthe  steps  are  called 
strings.  The  inner  one,  placed  against  the  wall,  is  the  wall  string ;  the 
other  the  front  or  outer  string.  If  the  front  string  is  mitred  or  bracket- 
ed, it  is  called  an  open  string ;  if  grooved,  a  close  string. 

Stairs  in  which  the  outer  string  of  the  upper  flight  stands  directly  and 
perpendicularly  over  that  of  the  lower  flight  are  called  dog-legged  stairs 
{vide  Fig.  1,  page  318,  and  Plate  XLL);  otherwise  newel  stairs,  from 
the  fact  of  a  piece  of  stuff  called  a  newel,  being  used  as  the  axis  of  the 
spiral  of  the  stair ;  the  newel  is  generally  ornamented  by  turning,  or 
in  some  other  way.  The  outer  strings  in  such  stairs  are  tenoned  into 
the  newel,  as  also  are  the  first  and  last  risers  of  the  flight. 

When  the  vertical  planes  of  the  upper  and  lower  strings  are  separated 
by  an  interval,  the  space  is  called  the  well-hole^  vide  Fig.  2,  page  818. 
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Where  t&iere  is  a  well-hole  and  no  newel,  and  the  string  is  continned  in 
a  cnrve,  the  cnired  part  of  the  string  is  said  to  be  wreathed,  and  the 
stair  is  then  a  geometrical  stair. 

Besides  the  support  afforded  by  the  strings,  the  stair  is  sustained  by 
pieces  placed  below  the  fliers ;  these  are  called  carriages ;  they  are  com- 
posed of  longitndinal  and  transverse  pieces ;  the  former  are  called  rough 
Btriiigs,  the  latter  pitching  pieces ;  and  the  rongh  strings  have  triangular 
pieces  called  rough  brackets,  fitted  to  the  underside  of  the  tread  and  riser. 

The  winders  are  supported  by  rough  pieces  called  bearers,  wedged  into 
the  wall,  and  secured  to  the  strings. 

Where  communication  between  the  stories  is  frequent,  the  qualities 
necessary  in  the  stairs  are  ease  and  conyenience  in  using,  combined  with 
sufficient  strength  and  durability.  Economy  of  space  in  the  construction 
of  stairs  is  an  important  consideration.  To  obtain  this,  the  stairs  are 
made  to  turn  upon  themselves,  one  flight  being  carried  above  another  at 
such  a  height  as  will  admit  of  head  room  to  a  full-grown  person.  PlcUe 
XL.,  shows  in  plan,  section,  and  elevation,  the  several  timbers  referred 
to  above  as  used  in  the  construction  of  stairs. 

298.  Method  of  setting  out  stairs  where  the  building  is  already  erected, 
or  the  general  plan  of  the  building  is  understood.  The  first  objects  to  be 
ascertained  are  the  situation  of  the  first  and  last  risers,  and  the  height 
of  the  story  wherein  the  stair  is  to  be  placed. 

A  sketch  is  made  of  the  plan  of  the  hall  to  the  extent  of  10  or  12 
feet  from  the  supposed  place  of  the  foot  of  the  stair,  and  all  the  door- 
ways, branching  passagep,  or  windows  which  can  possibly  come  in  con- 
tact with  the  stair  from  its  commencement  to  its  expected  termination 
or  landing,  are  noted.  Ttiis  sketch  necessarily  includes  a  portion  of  the 
entrance-hall  in  one  part,  and  of  the  lobby  or  landing  in  the  other,  and 
on  it  have  to  be  laid  down  the  expected  lines  of  the  first  and  last  risers. 
The  height  of  the  story  is  next  to  be  exactly  determined  and  taken  on 
a  rod ;  then,  assuming  a  height  of  riser  suitable  to  the  place,  a  trial  is 
made,  by  division,  how  often  this  height  is  contained  in  the  height  of 
the  story,  and  the  quotient,  if  there  be  no  remainder,  will  be  the  number 
of  risers  in  the  story.  Should  there  be  a  remainder  on  the  first  division, 
the  operation  is  reversed,  the  number  of  inches  in  the  height  being  made 
the  dividend,  and  the  before-found  quotient  the  divisor,  and  the  opera- 
tion of  diTisiou  by  reductiou  ia  Camed  on,  till  the  height  of  the  riser 
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tg  obtained  to  the  thirty-Becond  part  of  an  incli.  These  heights  are  then 
set  off  on  the  story  rod  as  exactly  as  possible.  The  next  operation  is  to 
show  the  risers  on  the  plan,  bnt  for  this  no  arbitrary  mle  can  be  given ; 
the  designer  mnst  exercise  his  ingenuity. 

299.  When  two  flights  are  necessary  for  the  story,  it  is  desirable 
that  each  flight  should  consist  of  an  equal  number  of  risers ;  but  this 
will  depend  on  the  form  of  the  staircase,  the  situation  and  height  of  the 
doors,  and  other  obstacles  to  be  passed  oyer  or  under,  as  the  case  may  be. 
Try  what  the  width  of  the  tread  will  be  by  setting  off,  upon  the  line  n  a 
in  Mg.  1,  the  width  of  the  landing  from  the  wall  AB  ;  and  dividing  the 
length  of  the  flight  into  as  many  equal  spaces  as  it  is  intended  there 
should  be  steps  in  each  flight.  The  landing  covers  one  riser,  and  there- 
fore the  number  of  steps  in  a  flight  will  be  always  one  fewer  than  the 
number  of  risers.  The  width  of  tread  which  can  be  obtained  for  each 
flight  will  thus  be  found,  and,  consistent  with  the  situation,  the  plan  will 
be  so  far  decided.  A  pitch-board  should  now  be  formed  to  the  angle  of 
inclination  :  this  is  done  by  ^making  a  piece  of  thin  board  in  the  shape 
of  a  right-angled  triangle,  the  base  of  which  is  the  exact  going  of  the 
step,  and  its  perpendicular  the  height  of  the  riser. 

If  the  stair  be  a  newel  stair,  its  width  will  be  found  by  setting  out  the 
plan  and  section  of  the  newel  on  the  landing ;  (if  one  newel,  it  should,  of 
course,  stand  in  the  middle  of  the  width ;)  then,  in  connection  with  the 
newel,  mark  the  place  of  the  outer  or  front  string,  and  also  the  place  of 
back  or  wall  string,  according  to  the  intended  thickness  of  each.  This 
should  be  done  not  only  to  a  scale  on  the  plan,  but  likewise  to  the  full 
size  on  the  rod.  Set  off  on  the  rod,  the  thickness  of  each  string ;  the 
depth  of  the  grooving  of  the  steps  in  the  string ;  mark  also  on  the  plan 
the  place  and  section  of  the  bottom  newel ;  the  same  figure  answers  for 
the  place  of  the  top  newel  of  the  second  flight,  the  flights  being  supposed 
of  eqaal  length.  The  front  string  is  usually  framed  into  the  middle  of 
the  newel,  and  thus  the  centres  of  the  rail,  the  newels,  the  balusters, 
and  the  front  string  range  with  each  other ;  the  width  of  the  flights  will 
thus  be  shown  on  the  rod. 

It  is  a  general  maxim  that  the  greater  the  breadth  of  a  step  the  less 
should  be  the  height  of  the  riser ;  and  experience  shows  that  a  step  of 
12  inches  width  and  5|  inches  rise,  may  be  taken  as  a  standard. 

800.    Flans  9/*  ^totrs.— Before  giving  examples  of  the  various  forms 
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of  fltairg  ordinarily  occurring  in  practice,  we  shall,  with  somemi^ntenesfl, 
illustrate  the  mode  of  laying  down  the  plan  of  a  stair,  where  the  height 
of  the  story,  the  number  of  the  steps,  and  the  space  which  they  are  to 
occupy  are  all  given. 
The  first  example  shall  be  of  the  simplest  kind,  or  dog-legged  stairs. 
Let  the  height  {Fig.  1)  be  10  feet,  the  number  of  risers  17,  the  height 

of  each  riser  consequently  T-,^,  and  the  breadth 
of  tread  9| ;  the  width  of  the  staircase  5  feet  8 
inches. 

Proceed  first  to  lay  down  on  the  plan  the  width 

of  the  landing ;  then  the  size  of  the  newel  a  in 

its  proper  position,  the  centre  of  the  newel  being 

on  the  riser  line  of  the  landing,  which  should  be 

drawn  at  a  distance  from  the  back  wall  equal  to 

the  semi-width  of  the  staircase,  and  at  right-angles 

to  the  side  wall.    Bisect  the  last  riser  a  5  at  o,  and 

describe  an  arc  from  the  centre  of  the  newel,  as  o  A,  on  which  set  out  the 

breadth  of  the  winders ;  then  to  the  centre  of  the  newel,  draw  the  lines 

indicating  the  face  of  each  riser.    If  there  be  not  space  to  get  in  the 

whole  of  the  steps,  winders  may  be  also  introduced  on  the  left  hand  side, 

instead  of  the  quarter  space  as  shown. 

801.    The  next  example  is  a  geometrical  staircase. 

Let  A  D  B  C  {Fig.  2)  be  the  plan  of  the  walls  where  a  geometrical 

stair  is  to  be  erected,  and  the  line  C  be  the  line  of  the  face  of  the  first 

Fig.  2.  riser ;  let  the  whole  height  of  the  story  be  11 

feet  6  inches,  and  the  height  of  riser  6  inches, 
the  number  of  risers  will  consequently  be  twenty- 
three.  The  number  of  steps  in  each  flight  will 
be  one  fewer  than  the  number  of  risers,  and  ac- 
cording to  the  preceding  rule,  the  tread  should 
be  11  inches,  so  if  there  are  two  flights  there  will 
be  twenty-one  stops ;  or  if  winders  are  necessary, 
there  will  be  twenty-two  steps  in  all,  from  the 
first  to  the  last  riser.  Having  first  set  out  the 
opening  of  the  well-hole,  or  the  line  of  balusters, 
divide  the  width  of  the  stairs  into  two  equal  parts,  and  continue  the  line 
4)f  division  with  a  semi-circle  round  the  circular  part,  as  shown  by  the 
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dotted  line  in  the  figure;  then  divide  this  line  from  the  first  to  the  last 
riser  into  twenty-two  equal  parts,  and  if  a  proper  width  for  each  step 
can  thus  be  obtained,  draw  the  lines  for  the  risers.  This  would,  however, 
give  a  greater  width  of  step  than  is  required;  take  therefore  11  inches 
for  the  width  of  step,  and  this  repeated  twenty  times,  will  reach  to  the 
line  d,  which  is  the  last  riser.  There  are,  in  this  case,  eight  winders 
in  the  half  space,  but  four  winders  might  be  placed  in  one  quarter 
space,  the  other  quarter  space  might  be  made  a  landing,  and  the  rest 
of  the  steps  being  fliers,  would  bring  the  last  riser  to  the  line  AC.  The 
usual  place  for  the  entrance  to  the  cellar  stairs  is  at  D,  but  allowing 
for  the  thickness  of  the  carriages,  the  height  obtainable  there  will  be 
only  about  6  feet,  which  is  not  sufficient.  At  E,  in  this  ezamplCi  would 
be  a  better  situation  for  the  entrance  to  the  cellar  steps. 

302.  Plate  XLL,  Fig.  1.— Nos.  1  and  2,  show  a  plan  and  elevation 
of  a  newel  stair.  The  first  quarter  space  contains  three  winders,  the 
next  quarter  space  is  a  landing ;  the  lower  flight  is  shown  partly  in 
section,  exposing  the  rough  string  DD,  and  its  connection  with  the 
bearers  CC.  The  front  string  AA  should  be  tenoned  into  the  newels 
below  and  above. 

Fig,  2. — Nob.  1  and  2,  show  the  plan  and  elevation  of  a  well-hole 
stairs,  with  a  landing  in  the  half  space.  The  well-hole  is  here  composed 
of  two  circular  quadrants  connected  by  a  small  portion  of  straight  line; 
this  figure  is  not  so  graceful  as  the  perfect  semi-drcle  in  Fig,  2,  page 
818,  but  it  allows  more  room  on  the  landing. 

808.  Plate  XLII.,  Fig.  1. — Nos.  1  and  2  are  the  plan  and  elevation 
of  a  geometrical  stair,  composed  of  straight  flights,  with  quarter-space 
landings,  and  rising  15  feet  9  inches. 

The  first  flight  is  shown  in  Fig.  1,  No.  2,  partly  in  section,  exhibit- 
ing the  carriage  c  c,  T  the  trimmer  joists  for  quarter-space,  and  V  the 
trimmer  joists  of  the  floor  below,  with  the  lower  end  of  the  iron  balus« 
ter  fastened  by  a  screw  and  nut  d,  at  the  under  side  of  the  trimmer 
joists  V. 

Fig.  2.— -No.  1,  exhibits  the  plan,  and  No.  2,  the  elevation  of  a  geome- 
trical stair,  with  straight  flights  connected  by  winders  on  the  quarter- 
spaces. 


SECTION  IV.-MASONEY. 


S04.  Masonet  is  the  art  of  raising  stractores  in  Stone  or  Brick, 
and  Mortar. 

Masonry  is  classified  either  from  the  nature  of  the  material,  as  Stone 
Masonry,  Brick  Masonry ;  or  from  the  manner  in  which  the  material  is 
prepared,  as  Cut  Stone  or  Ashlar  Masonry,  Rvibhle  Stone  or  Rough  Ma^  I 

sonry,  and  Hammered  Stone  Masonry ;  and  in  India,  Pakhd^  Kachchhd  4 

Pakkd,  and  Kachckha  Brick  Masonry;  the  first,  consisting  of  burnt 
bricks  set  in  lime  mortar ;  the  second,  of  bomt  bricks  in  mud ;  and  the 
thirdi  of  sondried  bricks  set  in  mud. 


CHAPTBE    XVL 
STONE  MASONET. 

306.  iidUor.— Masonry  of  cut  stone,  when  carefully  made,  is  stronger 
and  more  solid  than  that  of  any  other  class ;  but,  owing  to  the  labour 
required  in  dressing,  or  preparing  the  stone,  it  is  also  the  most  ezpensiye. 
It  is,  therefore,  chiefly  restricted  to  those  works  where  a  certain  archi- 
tectural effect  is  to  be  produced  by  the  regularity  of  the  masses,  or  when 
great  strength  is  indispensable. 

Before  explaining  the  means  to  be  used  to  obtain  the  greatest  strength 
in  cut  stone,  it  will  be  necessary  to  giye  a  few  definitions  to  render  the 
subject  clearer. 

In  a  wall  of  masonry,  the  term /ac6  is  usually  applied  to  the  front  or 
outside  of  the  wall,  and  the  term  bach  to  the  inside ;  the  stone  which  forms 
the  front,  ia  termed  ihe  facing;  that  of  the  back,  the  backing ;  and  the  in- 
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ierior,  HieJUling.  If  the  front,  or  back  of  the  wall,  has  a  mdform  slope 
from  the  top  to  the  bottom,  this  slope  is  termed  the  hatter.  The  term 
course  is  applied  to  each  horizontal  layer  of  stone  in  the  wall :  if  the 
stones  of  each  layer  are  of  equal  thickness  throughout,  it  is  termed 
regular  cmreing;  if  the  thickness  is  unequal,  the  term  random^  or 
irreguhr  coureingf  is  applied.  The  eidee  are  the  surface  which  bound 
the  stones  in  a  direction  transyerse  to  both  faces  and  beds.  The  joints 
between  the  courses  through  which  the  principal  pressures  act  are  called 
led-foinia :  the  joints  transverse  both  to  beds  and  face  are  termed  eide* 
jaintSy  or  often  simply  jomf^.  The  surfaces  of  the  stones  of  each  course 
parallel  to  the  layers  are  termed  the  beds  or  htilds*  The  arrangement  of 
the  different  stones  of  each  course  or  of  contiguous  courses,  is  termed 
the  bond. 

806.  The  strength  of  a  mass  of  cut  stone  masonry  will  depend  on 
the  size  of  the  blocks  in  each  course,  on  the  accuracy  of  the  dressing,  and 
on  the  bond  used. 

Ashlar. — ^The  size  of  the  blocks  varies  with  the  kind  of  stone,  and  the 
nature  of  the  quarry.  From  some  quarries  the  stone  may  be  obtained  of 
any  required  dimensions ;  others,  owing  to  some  peculiarity  in  the  forma- 
tion  of  the  stone,  only  furnish  blocks  of  small  size.  Again,  the  strength 
of  some  stones  is  so  great  as  to  admit  of  their  being  used  in  blocks  of  any 
size,  without  danger  to  the  stability  of  the  structure,  arising  firom  their 
breaking ;  others  can  only  be  used  with  safety,  when  the  length,  breadth, 
and  thickness  of  the  block  bear  certain  relations  to  each  other.  No  fixed 
role  can  be  laid  down  on  this  point ;  that  usually  followed  by  builders,  is 
to  make,  with  ordinary  stone,  the  breadth  at  least  equal  to  the  thicknesS| 
and  seldom  greater  than  twice  this  dimension,  and  to  limit  the  length  to 
within  three  tunes  the  thickness.  When  the  breadth  or  the  length  is 
considerable,  in  comparison  with  the  thickness,  there  is  danger  that  the 
block  may  break,  if  any  unequal  settling,  or  unequal  pressure,  should  take 
place.  As  to  the  absolute  dimensions,  the  thickness  is  generally  not  less 
than  one  foot,  nor  greater  than  two ;  stones  of  this  thickness,  with  the 
relative  dimensions  just  l^d  down,  will  weigh  from  1,000  to  8,000  pounds, 
allowing,  on  an  average,  160  pounds  to  the  cubic  foot.  With  these 
dimensions,  therefore,  the  weight  of  each  block  will  require  a  very  con* 
siderable  power,  both  of  machinery  and  men,  to  set  it  on  its  bed. 

807.  Block-in-eotirse.— When  the  stonei  are  smaller,  the  depth  of 
VOL.  z.— TBiBo  asxnov.  8  t 
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the  coorses  being  from  7  to  9  inches,  snch  masonry  of  miiform^  hammer* 
dressed,  blocks  is  termed  htoch^in^coune  masonry. 

808.  Coping, — For  the  coping  and  top  conrses  of  a  wall,  the  same  ob- 
jections do  not  apply  to  excess  in  length ;  bnt  this  excess  may,  on  the 
contrary,  prove  fayonrable ;  because  the  nnmber  of  top  joints  being  thus 
diminished,  the  mass  beneath  the  coping  will  be  better  protected,  being  ex- 
posed only  at  the  joints,  which  cannot  be  made  water-tight,  owing  to  the 
mortar  being  crashed  by  the  expansion  of  the  blocks  in  warm  weather,  and, 
when  they  contract,  being  washed  ont  by  the  rain. 

809.  The  closeness  with  which  the  blocks  fit  is  solely  dependent  on  the 
accuracy  with  which  the  surfaces  in  contact,  are  wrought  or  dressed ;  if 
this  part  of  the  work  is  done  in  a  slovenly  manner,  the  mass  will  not  only 
present  open  joints  from  any  inequality  in  the  settling ;  but,  from  the 
courses  not  fitting  accurately  on  their  beds,  the  blocks  will  be  liable  to 
crack  from  the  unequal  pressure  on  the  different  points  of  the  block. 

The  surfaces  of  one  set  of  joints  should,  as  a  prime  condition,  be  perpen- 
dicular to  the  direction  of  the  pressure ;  by  this  arrangement,  there  will  be 
no  tendency  in  any  of  the  blocks  to  slip.  In  a  vertical  wall,  for  example, 
the  pressure  being  downward,  the  surfaces  of  one  set  of  joints,  which  are 
the  bedsy  must  be  horizontal.  The  surfaces  of  the  other  set  must  be  per- 
pendicular to  these,  and,  at  the  same  time,  perpendicular  to  the  face,  or  to 
the  back  of  the  wall,  according  to  the  position  of  the  stones  in  the  mass. 
Two  essential  points  will  thus  be  attained ;  the  angles  of  the  blocks,  at  the 
top  and  bottom  of  the  course,  and  at  the  face  or  back,  will  be  right-angles, 
and  the  block  will  therefore  be  as  strong  as  the  nature  of  the  stone  will 
admit.  The  principles  here  applied  to  a  vertical  wall,  are  applicable  in 
all  cases,  whatever  may  be  the  direction  of  the  pressure  and  the  form  of 
the  exterior  surfaces,  whether  plane  or  curved. 

Workmen,  unless  narrowly  watched,  seldom  take  the  pains  necessary 
to  dress  the  beds  and  joints  accurately ;  on  the  contrary,  to  obtain  what 
are  termed  cloee  joints,  they  dress  the  joints  with  accuracy  a  few  inches 
only  from  the  outward  surface,  and  then  chip  away  the  stone  towards  the 
back,  or  tail,  so  that,  when  the  block  is  set,  it  will  be  in  contact  with  the 
adjacent  stones,  only  throughout  this  very  small  extent  of  bearing  surface. 
This  practice  is  objectionable  under  every  point  of  view ;  for,  in  the  first 
place,  it  gives  an  extent  of  bearing  surface^  which,  being  generally  inade- 
<][uate  to  resist  the  pressure  thrown  on  it,  causes  the  block  to  splinter  off  at 


PLATE  XLIII. 


STONE  MASONRY. 


A    BUTTRESS   OF    ASHLAR    MASONRY 


COURSED    RUBBLE 


UNCOURSED    RUBBLE 


ASHLAR    WITH    RUSTICATED    CHAMFERED    QUOINS 


'—I ^ 


KWiaWPy^JH 


I  t  ■  < 


gTONB  MA80KRT.  823 

the  joint ;  and  in  the  second  place  to  give  the  block  its  proper  set,  it  has 
to  be  propped  beneath  by  small  bits  of  stone,  or  wooden  wedges,  an  op- 
eration termed  pinning-up,  or  under-pmning,  and  these  props,  causing  the 
pressure  on  the  block  to  be  thrown  on  a  few  points  of  the  lower  surface, 
instead  of  being  equally  diffused  over  it,  expose  the  stone  to  crack. 

When  the  facing  is  of  cut  stone,  and  backing  of  rubble,  the  method  of 
thinning  off  the  block  may  be  allowed  for  the  purpose  of  forming  a  better 
bond  between  the  rubble  and  ashlar;  but,  even  in  this  case,  the  block 
should  be  dressed  true  on  each  joint,  to  at  least  one  foot  back  from  the 
face.  If  there  exists  any  cause,  which  would  give  a  tendency  to  an  out- 
ward thrust  from  the  back,  then,  instead  of  thinning  off  all  the  blocks 
towards  the  tail,  it  will  be  preferable  to  leave  the  tails  of  some  thicker 
than  the  parts  which  are  dressed. 

310.  J^one?.— Various  methods  are  used  by  builders  for  the  bond  of 
cut  stone.  The  system,  termed  headers  and  stretchers,  in  which  the  vertical 
joints  of  the  blocks  of  each  course  alternate  with  the  vertical  joints  of 
the  courses  above  and  below  it,  or  as  it  is  termed  break  joint  with  them, 
is  the  most  simple,  and  offers  in  most  cases,  all  requisite  solidity.  In 
this  system,  the  blocks  of  each  course  are  laid  alternately  with  their 
greatest  and  least  dimensions  to  the  face  of  the  wall :  those  which  present 
the  longest  dimension  along  the  face,  are  termed  stretchers;  the  others, 
headers.  If  the  header  reaches  from  the  face  to  the  back  of  the  wall,  it 
is  termed  a  through ;  if  it  only  reaches  part  of  the  distance,  it  is  termed 
a  hinder.  The  vertical  joints  of  one  course  are  either  just  over  the  midd  le 
of  the  blocks  of  the  next  course  below,  or  else,  at  least  four  inches  on  one 
side  or  the  other  of  the  vertical  joints  of  that  course  ;  and  the  headers 
of  one  course  rest  as  nearly  as  practicable  on  the  middle  of  the  stretchers 
•of  the  course  beneath.  If  the  backing  is  of  rubble,  and  the  facing  of  cut 
stone,  a  system  of  throughs  or  binders,  similar  to  what  has  just  been 
explained,  must  invariably  be  used. 

£y  the  arrangement  here  described,  the  facing  and  backing  of  each 
course  are  well  connected ;  and,  if  any  unequal  settling  takes  place,  the 
vertical  joints  cannot  open,  as  would  be  the  case  were  they  in  a  continued 
line  from  the  top  to  the  bottom  of  the  mass ;  as  each  block  of  one  course 
confines  the  ends  of  the  two  blocks  on  which  it  rests  in  the  course  beneath. 

QuotfM  or  comer  stones,  which  should  be  of  large  size  and  chosen  with 
especial  care^  are  at  onceheaders  and  stretchers :  each  quoin  being  a  header 
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relatively  to  one  of  the  two  fades  of  the  building  which  it  connects,  and 
a  stretcher  relatiyely  to  the  other. 

81 1  •  CrcanpB  and  Dowels.^^Ia  masses  of  cut  stone  exposed  to  violent 
shocks,  as  those  of  which  light-houses,  and  sea-walls  in  very  exposed  posi- 
tions are  fonned,  the  blocks  of  each  course  require  to  be  not  only  very 
firmly  united  with  each  other,  but  also  with  the  courses  above  and  below 
them.  To  effect  this,  various  means  have  been  used.  The  beds  of  one 
course  are  sometimes  arranged  with  projections  which  fit  into  correspond- 
ing indentations  of  the  next  course.  Copper  Cramps  in  the  form  of  the 
letter  8,  or  in  any  other  shape  that  will  answer  the  purpose  of  giving 
them  a  firm  hold  on  the  blocks,  are  let  in  to  the  top  of  two  blocks  of  the 
same  course  at  a  vertical  joint,  and  are  firmly  set  with  melted  lead,  or 
with  bolts,  so  as  to  confine  the  two  blocks  together.  Holes  are,  in  some 
cases,  drilled  through  several  courses,  and  the  blocks  of  these  courses 
are  connected  by  strong  bolts  fitted  to  the  holes. 

Stones  are  said  to  he  joggled  together  when  a  projection  is  worked  out 
on  one  stone  to  fit  into  a  corresponding  hole  or  groove  in  the  other  (^e^ 
figure).    But  this  occasions  great  labour  and  waste  of  stone, 
^         and  dowel-joggles  are  chiefly  made  use  of,  which  are  hard 
pieces  of  stone,  cut  to  the  required  size,  and  let  into  cor- 
responding mortices  in  the  two  stones  to  be  joined  together. 

DoweU  are  pins  of  wood  or  metal  used  to  secure  the  joints  of  stone- 
work in  exposed  situations,  as  copings,  pinnacles,  &c.  The  best  material 
is  copper ;  but  the  expense  of  this  metal  causes  it  to  be  seldom  used.  If 
iron  be  made  use  of,  it  should  be  thoroughly  tinned  to  prevent  oxidi^ 
tion,  or  it  will,  sooner  or  later,  burst  and  split  the  work  it  is  intended  to 
protect. 

Dowels  are  often  secured  in  their  places  with  lead  poured  in  from  above, 
through  a  small  channel  cut  in  the  side  of  the  joint  for  that  purpose ; 
but  a  good  workman  will  eschew  lead,  which  too  often  finds  its  way 
into  bad  work,  and^will  prefer  trusting  to  very  close  and  workmanlike 
joints,  carefully  fitted  dowels,  and  fine  mortar ;  dowels  should  be  made 
tapering  at  one  end,  which  ensures  a  better  fit,  and  renders  the  setting 
of  the  stone  more  easy  for  the  workman. 

Iron  cramps  are  used  as  fastenings  on  the  tops  of  copings,  and  in 
fsimilar  situations ;  but  they  are  not  to  be  recommended,  as  they  are  very 
iinsightlyi  and|  if  they  once  become  exposed  to  the  action  of  the  atmos- 
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phere,  are  powerftilly  destructive  agents.    Cast-iron  is,  however,  less 
objectionable  than  wrongbt-iron  for  this  purpose. 

812.  Dresmg  Stone.^The  manner  of  dressing  stone  belongs  to  the 
Btone-^mtter's  art,  but  the  engineer  should  not  be  inattentive  either  to  the 
accuracy  with  which  the  dressing  is  performed,  or  the  means  employed  to 
effect  it.  The  tools  chiefly  used  by  the  workman  are  the  chisel,  axe,  and 
hammer  for  hnotting.  The  usual  manner  of  dressing  a  surface,  is  to  cut 
draughts  around  and  across  the  stone  with  the  chisel,  and  then  to  use  the 
chisel,  the  axe  with  a  serrated  edge,  or  the  knotting  hammer  to  work 
down  the  intermediate  portions  into  the  same  surface  with  the  draughts. 
In  performing  this  last  operation,  the  chisel  and  axe  should  alone  be  used 
for  soft  stones,  as  the  groves  on  the  surface  of  the  hammer  are  liable  to 
become  choked  by  a  soft  material,  and  the  stone  may  in  consequence  be 
materially  injured  by  the  repeated  blows  of  the  workman.  In  hard  stones 
this  need  not  be  apprehended. 

The  finely  grained  stones  are  usually  brought  to  a  smooth  face  and 
rubbed  with  sand  to  produce  a  perfectly  even  surface. 

In  working  soft  stones,  the  surface  is  brought  to  a  smooth  face  with 
the  drag,  which  is  a  plate  of  steel,  indented  on  the  edge  like  the  teeth 
of  a  saw,  to  take  off  the  marks  of  the  tools  employed  in  shaping  it 

The  harder  and  more  coarsely  grained  stones  are  generally  tooled^  that 
is,  the  marks  of  the  chisel  are  left  on  their  face.  If  the  furrows  left  by 
the  chisel  are  disposed  in  regular  order,  the  work  is  said  to  he  fatr-tooled 
but  if  otherwise,  it  may  be  random-tooled,  or  cMsMed^  or  boasted,  or  point- 
ed.  If  the  stones  project  beyond  the  joints,  the  work  is  said  to  be 
rusticated. 

Granite  and  gritstone  are  chiefly  worked  with  the  scabbling  hammer. 
In  massive  erections,  where  the  stones  are  large,  and  a  bold  effect  is 
required,  the  fronts  of  the  blocks  are  left  quite  rough,  as  they  come  out 
of  the  quarry,  and  the  work  is  then  said  to  be  quarry  pitched. 

In  what  manner  soever  the  faces  of  ashlar  stones  are  dressed,  or  even 
should  they  be  ''quarry-faced,"  there  ought  to  be  a  chisel-draught 
round  the  edges  of  the  face,  forming  sharp  and  straight  edges  with  the 
chisel-draught  of  the  beds  and  joints,  in  order  that  the  stone  may  be 
accurately  set. 

818,  Scaffoldtng,~The  Scaffolding  used  for  stone-work  is  similar  to 
that  described  in  the  next  Chapter  for  brick*work|  except  that  it  is  double^ 
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^at  IB  fonned  with  two  rows  of  standarda  so  as  to  be  totally  Indepradent 
of  the  walls  for  support,  "Xhe  constniction  of  scaffolds  with  ronud  poles 
lashed  with  cords,  has  lately  been  saperseded  in  la^  works  by  a  system  of 
scaffolding  of  eqnare  timbers  connected  by  bolts  and  (log-Irons. 

The  hoisting  of  the  materisls  is  perfonned  from  these  scafTDlds  by 
means  of  a  trsTelling  crane,  which  consists  of  a  doable  trsTelling  csr- 
liage,  the  lower  one  mnning  on  a  tramway  formed  on  stout  biIIb  laid  on 
the  top  of  two  parallel  rows  of  standards ;  on  this  lower  carriage,  is 
placed  a  short  tramway,  laid  transrersely  to  the  direction  of  the  rows 
of  standards ;  a  smaller  carriage  again  mns  on  these  rails  and  carries 
B  crab-winch  by  which  the  materials  are  raised ;  by  the  combined  motion 
of  the  two  carriages,  the  lower  moving  aiony  the  line  of  standards  and  the 
upper  acroii  it,  the  material  can  be  bronght  with  great  ease  and  precision 
orer  any  part  of  the  work  lying  between  the  two  rows  of  standards. 

814.  i5A<ars.— Smeaton,  in  his  published  account  of  the  operations  and 
proceedings  daring  the  building  of  the  Eddystone  Light-houBe,  describes  a 
most  excellent  form  of  shears,  that  is  simple  and  admirably  suited  to  the 
moving  and  placing  of  heavy  stones  on  walls,  or  other  bnildinge.  It  con- 
eiste  of  a  heavy  block  of  timber  h,  and  two  apars  t,  t,  diaposed  in  the  form 
shown  below ;  the  bottom  piece  h  is  sqnare,  and  may  be  from  12  to  15  feet 
long,  and  should  be  sonnd  and  hard.    The  shears  consist  of  the  two  spars 


i,  t,  which  may  be  round,  tapering,  and  as  long  as  they  can  be  conveniently 
obtuned,  say  from  28  to  SO  feet.  Theii  lower  ends  we  connected  with  tlie 
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bottom  piece,  h^  by  two  very  strong  iron  eyes  or  links,  loose  enongh  to 
permit  motion,  while  their  npper  ends  meet,  and  are  oonnected  by  the 
strong  iron  pin  h^  which  passes  throngh  both  of  them,  and  also  serres  to 
snpport  the  top  hook  of  the  blocks  and  fall  /,  the  running  rope  of  which 
passes  downwards  from  the  npper  block,  and  takes  a  coarse  close  to  one 
of  the  poles,  and  is  passed  throngh  the  snatch  block  m,  fixed  to  the  bottom 
piece  hy  and  to  this  rope  the  workmen  apply  their  strength  immediately, 
or  throngh  the  agency  of  a  crab,  or  windlass,  according  to  the  force  to  be 
oTcroome.  The  central  point  of  the  horizontal  piece  A,  is  marked  on  its 
top,  at  the  point  to  which  the  bottom  block  would  descend,  when  the 
piece  is  set  truly  lerel. 

To  use  this  apparatus,  the  bottom  or  foundation  piece  h  is  set  truly 
leyel  upon  hard  ground,  or  is  supported  on  piles  or  timber  skids,  if 
the  ground  is  not  hard  enough  to  sustain  the  load ;  and  the  spars  are 
retained  in  their  yertical  or  other  required  position,  by  two  sets  of  run- 
ning blocks  and  falls,  pulling  in  opposite  directions,  and  at  right-angles  to 
the  direction  of  the  length  of  the  foundation  piece  A,  as  may  be  better  seen 
in  the  perspectiye  yiew  of  the  same  machine  as  fixed  for  use.  The  upper 
ends  of  the  guy  tackle  are  attached  to  the  tops  of  the  spars,  and  their 
lower  ends  to  strong  posts  fixed  in  the  ground,  or  to  stumps  of  trees,  parts 
of  buildings,  or  anything  that  will  afford  stability.  Then  by  lowering  out 
the  fall  n,  and  tightening  that  at  o,  the  shears  may  be  made  to  incline  or 
bend  oyer,  as  shown  in  the  figure,  until  the  bottom  block  p  hangs  directiy 
oyer  a  stone  r,  that  has  to  be  lifted,  and  thus  this  stone  may  be  taken  off 
the  ground,  and  raised  to  any  required  height,  by  the  principal  blocks  and 
fall  p  L  That  done,  the  guy  faU  o  is  slacked  while  n  is  tightened,  so  that 
the  shears  are  first  brought  into  a  yertical  position,  and  afterwards  allowed 
to  turn  oyer  or  incline  to  the  other  side,  as  shown  by  the  dotted  lines  q  q^ 
when  the  sustaining  force  will  be  transferred  to  the  guy  fall  o,  and  n  will 
become  useless ;  and  in  this  way  a  stone  may  be  brought  from  the  ground 
upon  which  it  was  worked,  directly  oyer  the  place  9,  in  the  wall  in  which  it 
has  to  be  deposited,  without  disengaging  it  at  all  from  the  block  by  which 
it  was  first  lifted,  and  without  hand-barrows,  or  any  trouble  whatever. 

To  insure  the  delivery  of  the  stone  into  its  proper  place  by  this  machine, 
a  line  must  be  stsuned  from  the  centre  of  the  stone  to  be  moved,  to  a  point 
perpendicularly  under  the  centre  of  the  place  in  which  the  stone  has  tb  be 
placedi  and  the  foundation  pieoe,  &,  of  the  shears  must  be  moved  untQ  its 
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central  marked  point  t,  falls  under  the  line,  while  the  length  of  the  piece 
is  at  right-angles  to  it ;  the  foundation  piece  must  then  be  fixed  in  this 
position  by  driving  short  stakes  round  it  into  the  ground,  and  then  the 
upper  end  of  the  shears  in  moying,  will  describe  an  arc  of  a  circle  v  v, 
the  plane  of  which  will  pass  through  the  centre  of  the  stone,  and  the 
centre  of  the  bed  or  position  in  which  it  is  to  be  placed* 

815.  Derrich,'^Tbe  moyable  derrick  crane  is  also  much  used  in  set- 
ting mason's  work.  It  consists  of  a  vertical  post,  supported  by  two  timber 
backstays,  and  a  long  movable  jib  or  derrick  hinged  against  the  post 
below  the  gearing. 

By  means  of  a  chain  passing  from  a  barrel  over  a  pulley  at  the  top  of 
the  post,  the  derrick  can  be  raised  from  a  horizontal  to  an  almost  vertical 
position,  thus  enabling  it  to  command  every  part  of  the  area  of  a  circle  of 
a  radius  nearly  equal  to  the  length  of  the  derrick.  This  gives  it  a  great 
advantage  over  the  old  gibbet  crane,  which  only  commands  a  circle  of  a 
fixed  radius,  and  the  use  of  which  entails  great  loss  of  time  from  its  con* 
stantly  requiring  to  be  shifted  as  the  work  proceeds. 

816.  In  the  American  derrick  represented  in  the  figure,  the  mast  is 
supported  in  a  vertical  position  by  four  guys  attached  to  a  ring  on  a  cast- 
iron  cap  on  its  head.  Below  this  ring,  and  revolving  freely  upon  the  cap, 
is  a  wrought-iron  frame  containing  two  sheaves  of  cast-iron.  The  lower 
part  of  the  mast  is  rounded  above  a  shoulder.  A  revolving  frame  of  wood 


embracing  the  mast  and  carrying  two  rope-barrels  with  gearing  and 
wincbesi  rests  upon  the  shoulder*    The  boom  is  stepped  into  the  upper 
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^art  of  this  frame,  atkd  a  light  platform  for  the  wmeh-men  is  Beeored  to 
4he  lower  part,  bo  that  hoom,  platform  and  irinches,  all  reTolve  together 
roimd  the  maet.  Booma  50  feet  in  length  are  commonl;  need ;  tlie  onter 
end  is  supported  bj  a  topping-lift  eeciued  to  the  rerolTing  iron  frame  on 
the  cap  at  the  head  of  the  mast. 

Two  tackles  are  nsed,  one  suspended  at  the  onter  end  of  the  boom,  the 
other  to  the  frame  at  the  mast-head.  Both  falls  lead  over  the  sheaves 
at  the  mast-head,  and  thence  to  the  winch-barrela.  The  lower  blocks 
of  the  tackles  are  attached  to  two  comers  of  a  triangular  plate,  tb« 
third  carrTing  a  hook,  as  seen  in  the  figure.  It  will  be  evident,  that  by 
hanling  npon  or  slackmg  the  falls  alternately,  the  stone  anspended  from 
both  can  be  placed  directly  at  the  foot  of  the  mast  or  under  any  point 
of  the  boom ;  and  as  the  latter  reTolreSj  any  point  within  a  circle  whoso 
radins  equals  the  boom  can  be  reached. 

The  foot  of  the  mast  is  usually  raised  upon  a  blocking  of  timber, 
some  alight  braces  sufficing  to  prevent  the  step  from  sliding.  Three  50 
feet  booms  placed  so  that  their  circles  intersect,  will  place  every  stone 
in  a  large  building,  or  a  sea-wall  300  feet  long.  A  word  or  sign  to  the 
winch-men  serves  to  direct  them,  and  the  stone  moves  to  its  place  with 
the  utmost  predsion,  and  as  gently  and  quietly  as  a  feather. 

An  American  derrick  was  used  to  lay  the  6-ton  concrete  blocks  for  the 
cofferdam  at  the  Light-house  on  the  "  Prongs  "  (Bombay).  The  plat- 
form was  made  to  rest  on  cannon  balls,  which  allowed  it  to  revolve  easily. 
Mast  about  70  feet  high,  jib  about  45  feet. 

In  long  sea-walls,  an  excellent  means  of  laying  the  stones  of  the 
ashlar  facing  is  to  have  a  hoUow  truck  running  od  rails,  with  a  frama 
over  it  from  which  the  stone  is  lowered  between  the  nuls  by  a  Weetoa 
block. 

317,  Lewis,— Tji  hoisting  blocks  of  stone  they  are  attached  to  the 
tackle  by  means  of  a  simple  contrivance  made 
of  iron,  and  called  a  ieaia,  which  is  shown  in 
tilt  annexed  figure. 

A  hole  tapering  apwards,  about  S  inches 
deep  having  been  cut  in  the  upper  surface 
of  the  stone  to  be  raised,  the  two  tapering 
tnde  pieces  a,  a,  of  the  lewis  are  inserted, 
and  placed  against  the  aides  of  the  hole ;  the 

VOL.  I.— IBIBII  KDIXIOM.  8  0 


830  BTOHB  HABOHRY. 

centre  parallel  piece  b,  a  then  inserted,  and  secored  in  its  place  by  a 
pin  p,  passing  through  all  tluee  pieces, 
and  the  ends  of  a  loop  I,  whicli  embraces 
their  heada.    The  stone  may  be  then  safely 
hoisted  by  the  loop  I,  as  it  is  impossible  for 
the  levis  to  draw  ont  of  the  hole.    By 
means  of  the  lewis,  in  a  slightly  altered 
form,  as  shown  in  fignre,  stones  can  bo 
lowered  and  set  under  water  without  difficulty,  and  the  lewis  disengaged 
by  means  of  a  line  attached  to  the  parallel  piece  h  the  removal  of  which 
allows  the  other  to  be  drawn  ont  of  the 
mortice.    The  next  figure  shows  a  sub- 
stitute for  a  lewis,  consisting  of  two  pins 
let  into  holes  which  they  closely  fit, 
sloping  towards   each  other.     Whan 
a  strain  is  applied  to  the  lifting  chain, 
these  pieces  jam  in  their  places  and 
support  the  weight  of  the  stone. 
When  a  block  of  cnt  stone  is  to  be 
laid,  the  first  point  to  be  attended  to,  is  to  examine  the  dressing,  which  is 
done  by  placing  the  block  on  its  bed,  and  sedng  that  the  jointa  fit  close, 
and  the  face  is  in  its  proper  plane.    If  it  be  found  that  the  fit  is  not 
accurate,  the  inaccnrades  are  marked,  and  the  requisite  changes  made. 
The  bed  of  the  course,  on  which  the  block  is  to  be  laid,  is  then  thorough- 
ly cleansed  from  dust,  &c.,  and  well  moistened ;  a  bed  of  thin  mortar  is 
laid  evenly  over  it,  and  the  block,  the  lower  surface  of  which  is  first 
cleansed  and  moistened,  is  laid  on  the  mortar-bed  and  well  settled,  by 
striking  it  with  a  wooden  mallet.      When  the  block  is  laid  agamst 
another  of  the  same  conrse,  the  joint  between  them  is  prepared  with 
mortar  in  the  same  manner  as  the  bed, 

818.  ConrBed  Babble  Haunry  consists  of  a  series  of  hotizontal 
courses,  not  less  than  6  inches  thick,  each  of  which  is  correctly  levelled 
before  another  is  bnilt  upon  it ;  but  the  side-joints  are  not  necessarOy 
vertical.  One-fowth  part  at  least  of  the  face  m  each  course  should  con- 
sist of  bond-stones  or  headers ;  each  header  to  be  of  the  entire  depth  of 
the  course,  of  a  breadth  ranging  from  1^  times  to  double  that  depth,  and 
of  a  length  extending  into  the  building  to  from  8  to  5  times  that  depth, 
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as  in  ftflhiar.  Theie  headers  shonld  bo  roughly  squared  wiih  the  hammer^ 
and  iheir  beds  hammer-dressed  to  approximate  planes ;  and  care  should 
be  taken  not  to  place  the  headers  of  successive  courses  aboYe  each  other ; 
for  that  arrangement  would  cause  a  deficiency  of  bond  in  the  inteime* 
diate  parts  of  the  course. 

Care  should  be  taken,  not  only  that  each  stone  shall  rest  on  its  natural 
bed,  but  that  the  sides  parallel  to  that  natural  bed  shall  be  the  largest^ 
BO  that  the  stone  may  lie  flat,  and  not  be  set  on  edge  or  on  end.  How- 
soeyer  small  and  irregular  the  stones  may  be,  care  should  be  taken  to 
make  the  courses  break  joint.  Hollows  between  the  larger  stones  should 
be  carefully  filled  with  smaller  stones,  completely  imbedded  in  mortar. 

Coursed  rubble  masonry  requires  great  care  in  the  inspection  of  its 
progress,  to  see  that  the  preceding  rules  are  observed  :  and  especially, 
that  the  interior  of  the  wall  contains  neither  empty  hollows,  nor  spaces 
filled  wholly  with  the  mortar  or  with  rubbish  where  pieces  of  stone  ought 
to  be  inserted,  and  that  each  stone  is  laid  flat,  and  on  its  natural  bed. 
Care  must  be  taken  that  the  headers  or  bond-stones  are  really  what 
they  profess  to  be,  and  not  thin  stones  set  on  edge  at  the  face  of  the  wall. 

819.  Common  Babble  Masonry  differs  from  coursed  rubble  in 
not  being  built  in  courses  ;  but  in  other  respects  the  same  rules  are  to 
be  observed.  The  resistance  of  common  rubble  to  crushing  is  not  much 
greater  than  that  of  the  mortar  which  it  contains ;  it  is,  therefore,  not  to 
be  used  where  strength  is  required,  unless  built  with  strong  hydraulic 
mortar.    Its  chief  use  in  engineering  is  for  fence  walls.* 

To  connect  the  parts  well  together,  and  to  strengthen  the  weak  points, 
throughs  or  binders  should  be  used  in  all  the  courses  ;  and  the  angles 
(or  quoins)  should  be  constructed  of  cut  or  hammered  stone. 

320.  The  following  is  the  specification  for  the  Ashlar  Stone-work 
used  on  the  Jabalpur  Branch  of  the  E.  I.  Railway,  and  will  be  found 
a  good  guide  for  similar  work  elsewhere  :— 

AsMar, — ^WiU  be  of  two  kinds — Ist,  Smooth-faced  or  tooled  ashlar ;  and  2nd,  Fair 
broached  and  Rock-faced  ashlar,  with  or  without  a  chisel  draft  round  the  edges  :  the 
rock-facing  where  used,  not  to  project  more  than  2  inches  beyond  the  face  of  the 
chisel  draft  or  arris. 

It  is  proposed  to  use  bnt  a  limited  proportion  of  this  class  of  work,  which  wiU  be 
principally  confined  to  imposts,  bed-plates  for  girders,  springers,  string-oourses  and 
copings,  and  occasionally  in  qnoins  and  widling,  and  large  arches,  bnt  power  is  resenr* 
ed  to  use  it  wherever  it  may  be  deemed  necessary. 

*  5«e  pank,  480  for  remarkB  on  ooinmon  rnbMe  Masonry  as  oaed  for  Masonry  l)a]ns^ 
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Tkiekneii  cf  Aihiair  Courus,  and  general  arrangement.^lSo  oottne  of  adilar  to 
be  less  than  8  inches  thick.  One*third  of  the  entire  length  of  each  course  to  be  head- 
era.  No  stone  to  be  less  than  2  feet  long,  and  when  the  thickness  of  the  course  does 
not  exceed  10  inches,  the  stone  most  not  be  less  than  15  inches  on  the  bed.  Where 
the  tiiickness  of  Ae  ashlar  coqrses  exceeds  10  inches,  the  breadth  of  the  beds  will  not 
be  less  than  a  third  more  than  the  thickness  of  the  conr8& 

No  header  to  be  of  less  length  than  18  inches  in  excess  of  the  breadth  of  the  course 
of  ashlar  to  which  it  belongs.  In  walls  np  to  8  feet  thick,  all  headere  to  be  throngh 
stones.  The  beds  and  joints  of  all  ashlar  stones  to  be  dressed  perfectly  true,  sqnare 
and  fnlL    No  hollow  beds  will  be  allowed. 

The  Tertical  joints  in  all  cases  to  be  dressed  trae  and  square  for  at  least  two-thirds 
of  the  breadths  of  the  beds  in  from  the  face  of  the  work. 

No  joint  to  exceed  threensixteenths  of  an  inch  in  thickness. 
•  The  coarses  to  be  arranged  with  as  much  nnif ormity  as  possible,  and  laid  perfectly 
liori»mtal,  the  lighter  connes  being  kept  towards  tiie  top  of  the  structure. 

The  Tertical  joints  of  each  course  not  to  hare  less  than  6  inches  lap  over  the  joints  | 

of  the  course  next  below.    The  work  to  be  thoroughly  well  gronted  after  every  course*  ' 

Ashiar  in  Copings. — The  coping  stone  will  as  a  rule  be  dowelled,  but  the  Engineer  i 

may  dispense  with  this  siystem  in  such  cases  as  he  may  deem  expedient.  j 

No  stones  in  the  ashlar  copings  to  be  less  than  2  feet  6  inches  long,  and  the  ex-  | 

posed  surfaces  to  be  dressed  to  a  smooth  face.  ■ 

Zarge  Rough  Stone  Blocks^lt  may  be  necessary  to  use  one  or  more  courses  of 
rough  stone  blocks  in  the  foundations  of  bridges ;  such  blocks  to  be  only  quany  scab- 
bled,  and  none  less  than  8  inches  thick,  or  less  than  8  square  feet  in  area.  These 
blocks  to  be  measured  half  as  ashlar,  half  as  rubble ;  they  are  to  be  laid  in  mortar, 
and  great  care  is  to  be  taken  that  they  rest  evenly  on  their  beds. 

S21.  The  following  is  a  very  good  specification  for  Stone  Masonry, 
drawn  up  by  Mr.  C.  Campbell,  0.  E.,  when  Superintending  Engineer  in  the 
Central  Provinces,  for  use  in  the  Jabalpur  Circle  : — 

As  much  confusion  is  caused  by  Engineera  and  stone  masons  attaching  widely 
different  meanings  to  such  words  as  "  rubble,''  *<  block-in -course,"  &c,  the  use  of  such 
terms  will  be  discontinued,  and  the  stone  work  in  the  Jabalpur  Circle  will  always  be 
specified  under  one  of  three  heads,  viz.,  ordinary  stone  work,  coursed  stone  work,  and 
dressed  stone. 

Ordinary  stone  work.— "So  stone  will  be  less  than  5  inches  thick,  nor  will  it  contain 
less  than  three-eighths  of  a  cubic  foot  The  largest  stones  will  be  selected  for  the 
face  ;  they  will  be  set  flush  in  mortar,  headers  and  stretehers  alternately,  the  former 
projecting  at  least  5  inches  beyond  the  latter.  Every  sixth  header  in  walls  up  to  2| 
feet  thickness  will  be  a  throngh  stone,  and  in  walls  beyond  that  thickness  will  be 
2}  feet  long.  The  interior  will  be  filled  in  with  good  stones  set  as  close  as  posssible, 
well  flushed  in  mortar,  the  interstices  being  closely  packed  with  sound  spalls.  The 
work  will  be  brought  to  a  level  bed  every  18  inches,  grouted  and  made  perfectly 
solid. 

A  layer  of  flat  stones,  extending  the  whole  breadth  of  the  wall,  will  be  laid  at  in- 
tervals of  6  feet  in  hei^t,  and  specially  at  the  floor  line  and  under  all  girders  and 
looftniMeB. 
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In  arehes,  the  faoes  of  ihe  stones,  will  be  dressed  to  fit  the  centre,  and  the  bed  joints 
will  be  properly  summered  ;  the  end  of  the  face  stones  will  also  be  dressed.  All 
qnolns  and  jambs  will  be  hammer-dressed  on  the  beds  and  £aoe^  so  as  to  set  IotbI  and 
show  a  clean  arris.    Gk)od  sqnare  stones  should  be  selected  for  them. 

Caurud  stone  warK-^The  face  stones  will  be  set  in  regular  oourses,  uniform  in 
thickness  throughout ;  no  course  to  be  less  than  6  inches  thick,  and  to  be  as  much 
thicker  as  the  qxuarj  will  permit.  No  stone  to  be  less  than  9  inches  broad  on  the 
bed,  or  to  be  greater  in  thidraesB  than  in  breadth  of  bed.  The  backs  to  be 
left  rough  as  quarried,  the  end  joints  being  hammer-dressed  square  with  the  face. 
Vertical  joints  to  haye  at  least  8  inches  lap  over  the  joint  below  ;  the  courses  to  be 
airanged  with  as  much  unif ormitj  as  possible,  ike  narrower  being  kept  towards  the 
top  of  the  structure,  and  the  wider  ones  towards  the  bottom. 

English  or  Flemish  bond  may  be  used  at  the  discretion  of  the  IfaDeeuti?e  Engineer. 
The  headers  shall  always  project  at  least  7  inohes  beyond  the  stretchers  and  at  in* 
tervals  of  6  feet  or  Uiereabonte  they  shall  run  right  through  the  wall  where  the 
thickneflB  does  not  exceed  8  feet,  or  2|  feet  into  it  when  it  exceeds  that  thickness. 
The  through  stcmes  in  any  one  oourse  will  come  half  way  between  those  in  the  course 
below. 

The  rubble  backing  will  be  similar  in  quality  to  tibat  above  specified  for  ordinary 
stone  work. 

The  arches,  quoins,  jambs,  &&,  will  be  as  specified  for  ordinary  stone  work. 

JDruied  gtone  will  only  occasionally  be  required  in  the  stqps,  mouldings,  and  cor- 
nices of  buildings ;  or  in  the  imposts,  string-courses,  and  coping  of  bridges  and  cul- 
verts. All  beds  and  joints  will  be  worked  true  and  square,  and  no  hollow  beds  will 
be  allowed.  The  face  will  have  a  chisel  draft  1-inch  wide  run  all  round,  the  portion 
within  the  draft  being  picked  or  punched,  or  it  may  be  left  rock-faced,  at  the  option  of 
the  Executive  Engineer.  The  upper  surface  of  copings  and  all  weather  tables  will 
be  neatly  tooled.  All  sills  and  projections  will  be  properly  throated,  all  keystones 
and  arch  vonssoirs  will  be  caref  ally  and  accurately  summered.  Where  solid  stone  steps 
are  required  both  the  face  and  tread  will  be  neatly  tooled. 

All  mouldings  will  be  worked  to  templates  cut  out  of  sheet  zinc.  All  copings  will 
be  dowelled  or  cramped  ;  and  the  courses  of  pillars,  also  all  skew-backs  and  similar 
members,  will  be  joggled  on  to  the  stone  below.  Bed  joggles  will  be  made  of  the 
hardest  stone  procurable,  and  shall  be  strong  and  substontial.  They  will  be  set  with 
pure  lime  ground  fine  into  a  paste.  Dowels  and  cramps  will  be  of  stone  or  copper, 
also  set  in  lime.  Iron  cramps  shall  not  be  used,  as  sooner  or  later  they  split  the  stone 
in  which  bedded. 

Stone  covers  to  flat-topped  culverts  (or  soughs)  will  be  of  good  square  blocks,  8 
inches  in  thickness  to  every  foot  of  void  spanned  by  them.  The  sides  will  be  dressed 
square  with  the  hammer,  so  that  they  may  fit  closely  together  without  interstices. 
Where  necessary  they  will  have  a  layer  of  brickwork  or  concrete  set  over  them,  so  as 
to  keep  the  earth  from  falling  through  and  causing  holes  in  the  metalled  surface. 


CHAPTER    XVII. 
BRICK  MASONRY. 

822i  With  good  bricks  and  mortar,  this  kind  of  masonry  is  quite  as 
dnrable,  if  not  so  strong,  as  ordinary  stonework,  while  it  is  generally  more 
economical.  In  native  structures  built  with  small  bricks  and  a  profuse 
expenditure  of  the  best  mortar,  the  strength  of  brick  masonry  is  gene- 
rally quite  independent  of  the  bond,  but  with  the  larger  bricks  now  in 
general  use,  the  bond  should  receive  as  much  attention  as  in  stone  ma- 
sonry. 

Bondd — The  great  art  in  bricklaying  is  to  preserve  and  maintain  a  bond| 
to  have  every  course  perfectly  horizontal,  both  longitudinally  and  transverse- 
ly, and  perfectly  plumb ;  which  last,  however,  may  not  mean  upright,  though 
that  is  the  general  acceptation  of  the  term,  for  the  plumb-rule  may  be 
made  to  suit  any  inclination  that  it  is  wished  the  wall  may  have,  as  inward 
against  a  bank,  for  instance,  or  in  a  tapering  tower ;  and  also  to  make  the 
vertical  joints  recur  perpendicularly  over  eacb  other.  By  bond  in  brick- 
work, is  intended  that  arrangement  which  shall  make  the  bricks  of  every 
course  cover  the  joints  of  those  in  the  course  below  it,  and  so  tend  to 
make  the  whole  mass  or  combination  of  bricks  act  as  much  together,  or 
dependently  one  upon  another,  as  possible.  The  object  of  this  will  be  un- 
derstood by  reference  to  Plate  XLIV.,  JPi^.  1.  Here  it  is  evident, 
from  the  arrangement  of  the  bricks,  that  any  weight  placed  on  a  would 
be  carried  down  and  borne  alike  in  every  course  from  5  to  c ;  in  the  same 
manner  the  brick  d  is  up  borne  by  every  brick  in  the  line  e/;  and  so 
throughout  the  structure.  But  this  forms  a  longitudinal  bond  only, 
which  cannot  extend  its  influence  beyond  the  width  of  the  brick ;  and  a  wall 
of  one  brick  and  a  half  or  two  bricks  thick,  built  in  this  manner,  would  in 
effect,  consist  of  three  or  four  half-brick-thick  walls,  acting  independent- 
ly of  each  other,  as  shown  in  the  plan  at  t.  If  the  bricks  were  turned 
60  as  to  show  their  short  sides  or  ends  in  front^  instead  of  their  long  oneS| 
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certainly  a  compact  wall  of  a  whole  brick  in  thickness  would  be  produced ; 
bnt  the  longitudinal  bond  would  be  shortened  one-half^  as  at  ^  c  A,  and  a 
wall  of  any  greater  thickness,  in  the  same  manner,  must  be  composed 
of  so  many  independent  one-brick  walls,  as  at  it,  in  the  plan  before  re- 
ferred to.  To  obviate  this,  to  produce  a  transyerse,  and  yet  preserye  a 
good  longitudinal,  bond,  the  bricks  are  laid  in  alternate  courses  of  headers 
and  stretchers,  or  of  ends  and  sides,  as  shown  in  Fig,  2,  thus  combining 
the  advantages  of  the  two  modes  of  arrangement  ah  e  and  g  ch^  JBig. 
1,  in  a  &  0,  Fig.  2.  Each  brick  in  Fig.  '2,  showing  its  long  side  in  front, 
or  being  a  stretcher,  will  have  another  lying  parallel  to  it,  and  on  the  same 
level,  on  the  other  side,  to  receive  the  other  ends  of  the  bricks  showing 
as  headers  in  front,  which  in  their  turn  bind,  by  breaking  the  joint 
between  them,  as  shown  in  the  end  of  such  a  wall  at  d.  Thus  a  well- 
bonded  nine-inch  or  one  brick*  wall  is  produced.  The  end  elevations  of 
walls,  e  and  /,  show  how  the  process  of  bonding  is  pursued  in  walls  of  one 
and  a  half  and  two  bricks-thick,  the  stretcher  being  abutted  in  the  same 
course  by  a  header ;  thus,  in  a  fourteen-inoh  wall  inverting  the  appearance 
on  the  opposite  sides,  as  seen  at  e,  and  producing  the  same  appearance 
in  an  eighteen-inch  wall,  as  at/. 

828.  English  fond.— In  the  same  PlaUf  under  Fig.  2,  at  ^,  is  the 
plan  of  a  fourteen-inch  wall,  showing  the  headers  on  one  side  and  the 
stretchers  on  the  other,  and  at  h  is  the  plan  of  the  course  immediately 
above  it,  in  which  the  headers  and  stretchers  are  inverted ;  at  k  and  t  are 
shown,  in  the  same  manner,  the  plans  of  two  courses  of  an  eighteen-inch 
walL  This  is  called  English  bond.  Thicker  walls  are  constructed  in  the 
same  manner  by  the  extension  of  the  same  principle. 

But  a  brick  being  exactly  half  its  length  in  breadth,  it  is  impossiblei 
commencing  from  a  vertical  end  or  angle,  to  make  a  bond  with  whole 
bricks,  as  the  joints  must  of  necessity  fall  one  over  the  other.  This  diffi- 
culty is  obviated  by  cutting  a  brick  longitudinally  into  two,  or  transversely 
into  four,  equal  parts,  making  half  headers.  One  of  these  is  placed  next 
to  a  whole  header,  inward  from  the  angle,  and  forms  with  it  a  three-quar- 
ter length  between  the  stretchers  above  and  below,  thus  making  a  regular 
overlap,  which  may  then  be  preserved  throughout :  these  half  headers 
are  technically  termed  closers.  A  three-quarter  stretcher  is  obviously  as 
available  for  this  purpose  as  a  half  header,  but  the  latter  is  preferred, 

•  BDglUh  riMd  tekk  an  hoi  maant 
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because,  b;  the  use  of  it,  nniToniuty  of  qipearnnce  U  preserred,  and  whole 
bricks  an  retained  on  the  qnoins  or  angles.  Bi  walls  of  almost  all  thick- 
nesses above  nine  inches,  to  preserve  the  transverse,  and  yet  not  destroy 
the  longitndmiil  bond,  it  is  fraqnentiy  secessat;  to  nse  half  bricks ;  bat 
it  bectHues  a  qncstion  whether  more  is  not  lost  in  the  general  firmness 
and  consistence  of  the  wall  by  that  necessity,  than  is  gained  in  the  nnl- 
fonni^  of  the  bond.  It  may  certainly  be  taken  as  a  general  rale,  that 
a  brick  fihonld  never  be  cut  if  it  can  be  worked  in  whole,  for  a  new  joint  is 
thereby  created  in  a  oonstmction,  the  difQcnl^  of  which  consists  in  obvia- 
ting the  delulity  arising  from  the  oonstant  Tecmrence  of  joints.  Great 
attention  should  be  pud  to  this,  especially  in  the  quoins  of  buildings,  in 
which  half  bricks  most  readily  occor ;  and  there  it  is  not  only  of  conse- 
qnence  to  have  the  greatest  degree  of  consistence,  bnt  the  quarts  bricks 
used  as  closers  are  already  admitted,  and  the  weakness  conseqaent  on  their 
admission  wonld  only  be  increased  by  the  nse  of  other  bats,  or  fragments 
of  bricks. 
834.  Hie  aooompan^ng  woodcuts  show  in  fnller  detail  the  variona 
Pig,  1.  modes  of  arranging  bricks  in  Eng< 

lish  Bond,  where  one  Wall  meets  an- 
other at  right-angles.  Fig.  1  shows 
the  section  of  a  snperstrnctnre  wall, 
1  brick  thick,  carried  on  a  foundation 
wall,  1^  bricks  thick.    Fig.  S  shows 
the  arrangement  of  the  lowest  course 
in  the  snperstmctnre  :  a  half-brick 
header  tm  one  mde  and  a  half-brick  liretcher  on  the  other  side  being  used 
■a  Glostrs  to  prevent  the  joints  coinddtog  with  those  of  the  eouise  above. 
Fig.  3. 
Fig.  2. 


3 


In  Fig.  8,  the  second  course  of  the  supcrstracture  is  shown,  and  Qie  ar- 
rangement on  each  side  is  reversed. 
It  will  be  obterred  that  in  each  itntehn  oonrse,  the  lon^tadiiiAl  joint 
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is  coiitinttoQB  throoghont  the  whole  length  of  waU.    Fig$.  4  and  5  show 

Fig.  A. 


Fig.  , 

5. 

another  slightly  different  mode  of  arranging  the  bricks  in  their  two 
courses ;  by  which  the  number  of  cloaera  in  each  course  at  the  qnoin  is 
reduced  from  two  to  one. 
Figs.  6  and  7  illustrate  the  alternate  courses  of  the  foundation  in  the 
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• 

Fig.  7. 
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1         1 

1        1        1        1 

wall  shown  in  Fig,  1.  Here  also  half  and  threenpiarter  bate  are  used  aa 
closers  to  break  the  continuity  of  both  the  horiaontal  and  vertical  joints. 
It  will  be  obseryed  that  in  each  of  these  courses  (me-nxth  of  the  bricks 
are  half-bricksi  thus  enabling  the  builder  to  utilize  the  broken  bricks,  a 
number  of  which  must  be  expected  to  occur  in  every  cart  load  brought 
to  the  works  from  the  kilns.  Three  continuous  longitudinal  joints  ex- 
tend throughout  each  stretcher  course.  Another  arrangement  of  the 
bricks  in  these  same  courses  is  shown  in  Figs*  8  and  9 ;  where  the  use  of 

Fig.  9. 




Fig.  8. 

1 

— 

1 

half-biicks  (except  as  closers  at  the  comers)  is  entirely  obviated.  The 
number  of  joints  is  thereby  diminished,  and  the  work  consequently  ren- 
dered somewhat  stronger,  but  the  opportunity  of  utiliaing  the  inevitable 
proportion  of  half-bricks  in  the  supply  from  kilns  is  lost*    It  will  depend 

..  *  Then  ia  noreal^bjeetiontoofltngftfair  nnmberof paint)(tMlsln|daoeoCwlu)lebrUtainviy boiid* 
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upon  eircmiistances  wUch  arrangement  tlie  bmlder  will  in  erery  particular 
case  find  most  expedient  to  adopt. 

If  the  foundations  are  2  bricks  thick,  the  snperstmctiire  1^  bricks 

thick;  the  arrangement  mnst  be  modified.    A  cross- section  of  such  a  wall 

^^9'  ^^*  is  shown  in  Fig,  10:  and  for  the  super- 

structure  the  bond  of  each  alternate 
course  may  be  as  in  Figa.  6  and  7,  or  as 
in  Figs.  8  and  9,  previously  described. 
For  the  thicker  foundation  courses, 
the  arrangement  shown  in  Figs.  11 
and  12  may  be  adopted :  where  closers 
at  the  comer  are  so  placed  as  to  preserye  the  bond  and  prevent  the  yer- 
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Fig.  : 

11. 

— 

1          1 

Fia.  12. 

1 

1 

Ill, 

1 

1     1     I" 

1 

tical  joints  b^ng  continuous.  Here  in  each  course  on^eigMh  of  the  bricks 
are  kalf-hrickSf  enabling  broken  bricks  to  be  utilized.     In  this  arrange- 
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ment  each  stretcher  course  has  three  continuous  parallel  longitudinal 
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joints  ihroQglioat  its  length :  bat  there  ia  no  continnons  longitudinal 
joint  in  the  header  conrse. 

If  the  number  of  broken  bricks  is  yery  smalli  and  their  nse  is  oljeeted 
to,  the  arrangement  shown  in  Figs.  18  and  14  can  be  adopted,  where 
no  half-bricks  occur  except  at  the  comer  of  each  course  or  closer.  Here 
tbe  continuous  longitudinal  j6ints  are  reduced  to  two  in  the  stretcher 
course  but  one  such  joint  is  introduced  into  the  header  course.  The  lat- 
ter arrangement,  as  haying  fewer  joints,  is  the  strongest.  The  stretcher 
course  is  not  in  fact  a  true  case  of  English  bond,  but  includes  a  Flemish 
bond,  one-brick  course  between  two  centre  face-lines  of  stretchers. 

826.  Flemish  band. — This  second  mode  of  bonding  brickwork,  which 
may  be  supposed  to  haye  arisen  from  the  appearance  of  the  ends  of  a  wall 
according  to  the  former  mode  of  arrangement  (see  e  and/.  Fig.  2,  Plate 
XLIV.),  instead  of  placing  the  bricks  in  alternate  courses  of  headers 
and  stretchers,  places  headers  and  stretchers  alternately  in  the  same  course 
Fig.  3.  The  plans  below  this  at  c  and  d  are  of  two  courses  of  a  14  inch 
wall,  with  their  bond,  showing  in  what  manner  the  joints  are  broken  in  the 
wall  horizontally  as  well  as  yertically  on  its  face.  This  is  called  Flemish 
bond.  Closers  are  used  equally  in  English  and  Flemish  bond,  in  the  same 
manner,  and  for  the  same  purpose ;  half-bricks  also  will  occur  in  both,  but 
what  has  been  said  with  reference  to  the  use  of  them  in  the  former,  applies 
eyen  with  more  force  to  the  latter,  for  they  are  more  frequent  in  Flemish 
than  in  English,  and  its  transyerse  tie  is  thereby  rendered  less  strong. 
Their  occurrence  is  a  disadyantage  which  eyery  care  should  be  taken  to 
obyiate.  The  arrangement  of  the  joints,  howeyer,  in  Flemish  bond,  pre- 
senting a  neater  appearance  than  that  of  English  bond,  it  is  generally 
preferred  for  external  walls  when  their  outer  faces  are  not  to  be  coyered 
with  plaster ;  but  English  bond  is  preferred  by  some  on  the  score  of  great- 
er strength  due  to  a  better  transyerse  tie.    Others  deny  this  superior 

Fig.  15  strength  on  the  part  of  English  bend,  object- 

* 

ing  to  the  continuity  of  the  longitudinal  joints 
in  this  system :  and  claim  for  Flemish  bond  a 
more  extended  longitudinal  bond,  a  matter  of 
importance  in  distributing  the  weight  of.  any 
portion  of  a  wall  oyer  a  great  length  of  base 
in  unsound  or  unequal  ground.  It  will  be  obsenred  on  referring  to 
Plate  XLIY.,  that  in  a  wall  of  7  courses,  any  onft-brick  of  the  upper 
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eoturse  is  snpported  in  English  bond  by  7,  bat  in  Flemish  bond  by  10, 
bricks. 

826.  The  following  figures  illnstrate  the  arrangement  of  bricks  in 
the  fdtemate  coorses  of  walls  bnilt  in  Flemish  bond,  and  the  mode  of 
keeping  the  bond  when  one  wall  meets  another  at  right^angles  by  inter- 
changing the  conrse  of  header  and  stretcher. 

In  the  one*brick  waQs,  (Figs.  16, 17|)  it  will  be  seen  that  there  are  no 

Fig.  16. 


Fig.  17. 

• 

continnons  longitudinal  joints  in  any  course;  In  one  and  a  half-brick 
walls  (Figs*  18, 19)  the  whole  bricks  used  corer  only  f  ths  the  surface  of 
each  course ;  the  half-bricks  being  placed  in  the  inside  of  the  wall,  where 


F^.  18. 
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1 

Fig. 

19. 

■■      1         1 

1 

if  they  are  truly  formed  they  will  aid  the  cohesion  of  the  mass  as  far  as 
possible :  while  by  this  construction  the  continuous  longitudinal  joints  are 
ayoided,  and  a  really  better  bond  obtained  than  can  be  with  the  English 
bond.    But  two-brick  (Figs.  20,  21)  walls  can  be  built  yet  more  solidly, 


1 

Fig.  20. 
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- 

1 

- 

F^.  21 

1 

balf-bricks  not  being  necesMry :  ihe  number  of  headers  boverer  will  be 
donble  fhat  of  the  stretchers ;  and  in  the  centre  part  of  the  wall  the  extent 
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cf  longitadinal  bond  (in  which  the  Flemigh  bond  excels)  will  be  much 
diminished.  If  however  more  stretchers  be  nsed,  there  will  be  nninter- 
mpted  mortar  joints  dividing  the  wall  perpendicularly  and  longitadinally, 
and  snch  an  arrangement  wonld  be  inadmissable. 

The  above  sketches  and  remarks  will  enable  the  reader  to  plan  nnaided 
the  arrangements  for  properly  "  bonding  "  walls  of  any  thickness  in  either 
of  the  styles  described. 

827. — Thin  flat  iron,  such  as  is  used  for  haoping  barrels,  forms  an  ex- 
cellent bond,  and  is  so  thin  that  it  may  be  inserted  in  the  ordinary  mortar 
joints  without  increasing  their  thickness.  It  should  be  laid  along  the 
middle  of  the  wall,  or  if  the  wall  be  thick,  in  two  or  more  parallel  rows  at 
every  2  or  8  feet  of  its  height.  If  nicked,  at  intervals,  along  the  edges, 
it  holds  better.  It  is  of  course,  of  more  use  in  the  foundations  and  plinth 
of  a  building  than  higher  up,  as  settlements  and  unequal  bearings  take 
their  origin  in  the  lower  part  of  a  wall,  except  in  cases  of  very  bad  work- 
manship. The  cohesion  which  takes  place  between  iron  and  hydraulic 
mortar,  whilst  there  is  none  between  wood  and  mortar,  renders  the  use  of 
iron,  when  the  cost  is  not  a  bar  to  it,  most  desirable. 

328.  Good  workmen  are  well  aware  of  the  necessity  of  attending  to 
the  bond,  and  are  ready  both  to  suggest  and  to  receive  and  practice  an 
improvement ;  but  the  generality  of  workmen  are  both  ignorant  of  its 
importance  and  careless  in  preserving  it,  even  according  to  the  common 
modes.  Then:  work  should,  therefore,  be  strictly  supervised  as  they  pro- 
ceed with  it,  for  many  of  the  failures  which  are  constantly  occurring  may 
be  referred  to  thdr  ignorance  or  carelessness  in  this  particular. 

829.  Not  second  in  importance  to  bonding  in  brickwork  is,  that  it  be 
perfectly  plumb,  or  vertical,  and  that  every  course  be  perfectly  horizontal, 
or  level,  both  longitudinally  and  transversely.  The  lowest  course  in  the 
footings  of  abrick  wall  should  be  laid  with  the  strictest  attention  to  this 
latter  particular ;  for  the  bricks  being  of  equal  thickness  throughout,  the 
slightest  irregularity  or  incorrectness  in  that,  vrill  be  carried  into  all  the 
courses  above  it,  and  can  only  be  rectified  by  using  a  greater  or  less  quantity 
of  mortar  in  one  part  or  another,  so  that  the  wall  of  course  yields  unequally 
to  the  superincumbent  weight,  as  the  work  goes  on,  to  its  great  detriment 

280.  Bricklaying.^In  the  operation  of  hichlaytng,  the  workman 
holds  the  trowel  in  his  right  hand,  and  with  the  left  he  takes  up  the  bricks 
from  the  scaffold,  and  lays  them  in  their  places ;  spooning  or  shovelling  up 
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mortar  from  the  board  with  the  trowel,  he  throws  it  on  the  course  last  laid, 
und  with  the  point  strews  it  over  the  surface  to  fomi  a  bed  for  the  brick 
which  he  is  about  to  set ;  whatever  bulges  or  projects  oyer  the  outer  edge  of 
the  work  below  is  struck  off,  and  being  caught  on  the  flat  face  of  the  trowel, 
is  put  against  the  side  or  edge  of  the  last  brick  laid  in  the  new  course.  Then 
taking  up  a  brick,  he  presses  it  down  in  its  place  until  its  upper  and  outer 
edge  comes  exactly  to  the  string  previously  stretched  as  a  guide  for  that 
edge  of  the  bricks  of  the  course  in  hand ;  and  if  this  be  not  readily  effected 
by  the  hand,  a  slight  drawing  below  with  the  obtuse  point  of  the  edge  of 
the  trowel  does  it,  or  a  tap  with  the  end  of  the  handle  both  draws  it  and 
settles  it  down  farther  than  the  hand  can  press  it.  The  small  quantity  of 
mortar  that  is  pressed  out  in  front,  by  this  operation,  being  struck  off,  the 
joints  are  neatly  drawn  by  compressing  the  mortar  with  the  point  of  the 
trowel,  and  thus  producing  a  fine  smooth  surface, — that  is,  if  the  work  is 
to  be  seen ;  but  if  it  is  to  be  plastered,  the  rough  face  is  left  that  the 
plastering  may  the  more  readily  attach  itself,  and  the  joint  is  not  drawn  at 
all ;  the  workman  proceeds  in  the  same  manner  with  the  next  brick  in 
advance,  along  the  course,  or  to  fill  in  behind  the  one  he  has  laid  in  front 
to  meet  the  work  of  his  mate  on  the  other  side  of  the  same  wall. 

881.  This  is  the  conmion  mode  of  la^fing  bricks.  They  should  not  how- 
ever be  merely  lead;  every  brick  should  be  rubbed  and  pressed  down  in  such 
a  manner  as  to  force  the  slimy  matter  of  the  mortar  into  the  pores  of  the 
bricks,  and  so  produce  absolute  adhesion.  Moreoverit  is  essentially  neces- 
sary, that  every  brick  should  be  soaked  in  water,  before  it  is  laid,  other- 
wise it  immediately  absorbs  the  moisture  of  the  mortar,  and,  its  surface 
being  covered  with  dry  dust,  and  its  pores  full  of  air,  no  adhesion  can  take 
place;  but  if  the  brick  be  damp,  and  the  mortar  moist,  its  cementitious 
matter  enters  the  pores  of  the  brick,  so  that  when  the  water  evaporates,  the 
attachment  is  complete.  To  wet  the  bricks  before  they  were  carried  on  to 
the  scaffold  would,  by  making  them  heavier,  add  materially  to  the  labour  of 
carrying :  in  dry  weather  they  would,  moreover,  become  dry  again  before 
they  could  be  used ;  and  for  the  bricklayer  to  wet  every  brick  himself  would 
be  an  unnecessary  waste  of  his  time;  boys  are  therefore  advantageously 
employed  to  dip  the  bricks  on  the  scaffold,  and  supply  them  in  a  damp  state 
to  the  bricklayer's  hand,  by  whose  side,  moreover  should  be  a  vessel  with 
water,  in  which  the  brick  should  be  allowed  to  soak  before  being  Used. .  A 
watering  pot  with  a  fine  rose  to  it  should  also  be  used  to  moisten  the 
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upper  surface  of  the  last  laid  course  of  bricks,  preparatory  to  strewing  the 
mortar  orer  it.*  In  bricklaying  with  quickHsetting  cements  these  things 
are  of  eren  more  importance ;  indeed,  unless  the  bricks  to  be  set  with 
cement  are  quite  wet,  the  cement  will  not  attach  itself  to  them  at  all. 
The  upper  surface  of  all  unfinished  masonry  should  at  all  times  be  kept  well 
flooded  with  water. 

882.  All  the  walls  of  a  building  that  are  to  sustain  the  same  floors 
and  the  same  roof,  should  be  carried  on  simultaneously ;  xmder  no  circum* 
stances  should  more  be  done  in  one  part  than  can  be  reached  from  the 
same  scaffold,  until  all  the  walls  are  brought  up  to  the  same  height ;  and 
wheneyer  from  any  cause  one  part  of  the  wall  is  in  adrance  of  the  rest,  the 
ends  of  the  part  first  built  should  be  racked  back,  and  not  carried  up  rer- 
tically  with  merely  the  toothing  necessary  for  the  bond. 

883.  Scaffolding.— In  ordinary  practice,  bricklayers'  scaffolds  are 
carried  up  with  the  walls,  and  are  made  to  rest  on  them.  The  walls  haying 
been  built  up  as  high  as  they  can  be  conyeniently  from  the  ground,  a  row 
ot  poles  is  planted,  which  yary  in  height  froni  thirty  to  forty  and  eyen 
fifty  feet,  parallel  to  and  at  a  distance  of  about  four  feet  six  inches  from 
the  walls,  and  from  twelye  to  fourteen  feet  apart.  To  these,  which  are 
called  Handardi,  are  attached,  horizontally,  by  means  of  ropejs,  other  poles 
called  ledgers,  with  their  upper  surface  on  a  leyel  with  the  highest  course 
of  the  wall  yet  laid ;  on  the  ledgers  and  wall,  short  transyerse  poles  called 
putlogs  or  putlocks  are  laid  as  joists  to  carry  the  floor  of  scaffold  boards. 
These  putlocks  are  placed  about  six  or  seyen  feet  apart,  according  to  the 
length  and  strength  of  the  scaffold  boards ;  and  the  ends  which  rest  on  the 
walls  are  carefully  laid  on  the  middle  of  a  stretcher,  so  as  to  occupy  the 
place  of  a  header  brick,  which  is  inserted  when  the  scaffolds  are  struck, 
after  the  work  is  finished.  Indian  masons  yery  frequently  build  the  put- 
locks in,  instead  of  leaying  out  a  brick  for  their  insertion,  and  in  taking 
them  out,  when  done  with,  necessarily  injure  the  wail.  On  the  floor  of  the 
scaffold  thus  formed,  the  bricklayer  stands,  and  the  materials  are  brought 
to  him  by  labourers,  in  hods,  from  the  ground  below,  or  they  are  hoisted  up 
in  baskets  and  buckets  by  means  of  a  pulley  wheel  and  rope.  The  mortar 
is  placed  on  lodged  boards  of  about  three  feet  square,  placed  at  conyenient 
distances  along  the  scaffold :  and  the  bricks  are  strewn  on  the  scaffold 

*  The  ordinary  sabaUtnte  for  this  In  India  ii  a  nnall  eartbenware  yesBel  wiUi  a  vpont  to  it,  oaUfld 
mgumtah. 
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between  the  mortar  boards,  leaving  a  clear  way  against  the  wall  for  the 
workmen  to  move  along  unobstmctedly.  The  workman  then  recommences 
the  operation  of  bricklaying,  beginning  at  the  extreme  left  of  his  conrse, 
and  advancing  to  the  right  until  he  reaches  the  angle  or  quoin  in  that 
direction,  or  the  place  where  his  fellow-workman  on  the  same  side  may 
hare  began. 

Thus  he  goes  on  with  coarse  after  coarse,  until  the  wall  is  bM  high 
as  he  can  conveniently  reach  from  that  scaffold,  when  another  ledger  is 
tied  to  the  poles,  another  row  of  putlocks  laid,  and  the  boards  are  removed 
up  to  the  new  level.  The  ledgers  and  most  of  the  putlocks,  howeveri 
remain  to  give  steadiness  to  the  temporary  structure ;  and  so  on  to  the  fall 
height  of  the  wall,  piecing  out  the  poles  by  additional  lengths  as  may  be 
required.  If  a  scaffold  be  very  much  exposed,  and  run  to  a  great  height 
it  must  be  braced.  This  is  done  by  tying  poles  diagonally  across,  on  the 
outside  of  the  standards  and  ledgers,  and  it  may  be  further  secured  by  tying 
the  ends  of  some  of  the  putlocks  to  the  ledgers :  but  an  outside  scaffold 
should  never  be  attached  in  any  way  to  the  building  about  which  it  stands. 

A  fcaffold  should  never  be  loaded  heavily,  as  well  on  account  of  the 
work,  as  of  the  scaffold  itself;  for  the  putlocks  resting,  as  they  do,  on 
single  bricks,  in  a  green  wall,  exert  an  injurious  influence  on  it,  which 
every  additional  pound  weight  on  the  scaffold  must  necessarily  increase. 
A  constant  and  steady  supply  of  bricks  and  mortar  on  the  part  of  the 
laborers,  without  overloading  the  scaffold  at  any  one  time,  should  be  strictly 
enforced.  It  would  indeed  be  an  advantage  if  every  scaffold  were  made 
with  a  double  row  of  poles  and  ledgers,  one  being  on  the  inside  within  a 
few  inches  of  the  wall,  as  is  the  practice  in  stonework.  This  would 
obviate  the  necessity  of  resting  the  putlocks  on  the  walls,  and  do  away 
with  putlock  holes ;  but  the  inner  row  of  poles  would  be  constantly  in  the 
way  of  the  bricklayer,  who  could  not  either  set  the  bricks  or  draw  the  joints 
so  well  as  if  he  were  unobstructed. 

Access  is  given  te  scaffolds  by  ladders,  or  by  inclined  planes,  made 
roughly  with  bamboos  or  other  material  at  hand. 

884.  Preoantion  against  settling.— One  of  the  most  difficult  and 
important  problems  in  the  construction  of  masonry,  is  that  of  preventing 
unequal  settling  in  parts  which  require  to  be  connected,  but  which  sustain 
unequal  weights ;  and  the  conseqaent  ruptures  in  the  masses  arising  from 
this  cause.    To  obviate  this  difficulty  requires  on  the  part  of  the  Engineer 
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iio  small  degree  of  practical  tact.  Several  precantjons  miiBt  be  taken  to 
diminiBh  as  far  as  practicable  the  danger  from  unequal  settling.  Walls 
Bustaining  heavy  vertical  pressnres  should  be  built  up  unifonnlj,  and  with 
great  attention  to  the  bond  and  correct  fitting  of  the  courses.  The 
materials  should  be  nnifonn  in  quaUty  and  size ;  and  faydiaulio  moitar 
thoroughly  ground  should  alone  be  used ;  as  a  further  precaution,  when 
practicable,  a  trial  weight  may  be  laid  upon  the  wall  whilst  the  eettliLg 
is  in  progress  and  before  the  permanent  load  is  laid  ou. 

SSS,  Sacking  Sack. — In  effecting  repairs  of  mosanry  when  new  work 
is  to  be  connected  with  old,  or  when  a  continnona  wall  is  built  up  in  por- 
tions, the  ends  of  each  portion  should  be,  what  is  technically  called  racked 
hack,  or  built  in  steps,  and  the  wedge-shaped  piece  A  {tee  £gure)  fanning 
the  junction  shonld  not  be  built  till  both  portions  are  thoroughly  set :  no 
crack  will  then  appear  at  the  junction. 

And  whenever  new  work  is  joined  to  old,  the  old  should  be  thoronghly 
scraped  and  cleaned. 


S86.  The  mortar  joints  of  brick  masonry  E^onld  be  thin,  otherwise 
there  will  be  cracks  in  the  wall  from  the  unequal  resistance  to  settlement 
of  the  bricks  and  mortar.  But  to  obtun  these  fine  joints  it  is  necessary 
that  the  mortar  be  thoroughly  ground  and  mixed,  which  is  often  neglected 
in  this  country. 

837.  Pahka  Masonry  may  be  Plattered  or  Pointed,  or  the  joints  may  be 
drawn  very  close  and  fine,  so  as  to  show  nothing  but  the  brick  itself,  and 
this  looks  better  than  either,  if  the  bricks  are  of  good  uniform  colour  and 
carefully  dressed  smooth.  But  too  much  chippingnot  only  entails  expense 
but  destroys  the  onter  skin  of  the  brick  which  is  best  fitted  to  withstand 
the  effects  of  the  weather.  This  may  be  obviated  by  nsing  none  bnt  the 
best  bricks,  which  faAve  been  tc^U  or  terrace  moulded,  and  onght  to  re- 
quire little  or  no  chipping. 

Pkulering  is  generally  used  to  conceal  bad  work,  and  as  it  quickly  looks 
shabby  and  requires  continual  lepur  it  ought  to  be  everywhere  condemned 
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for  tbd  otitsideB  of  btiildings.  Its  application  for  inside  walls  will  be 
treated  of  under  tlie  head  of  Buildings.  It  may,  howerer,  be  used  to 
protect  hachchhd  pakhd  masonry,  though  it  would  be  far  better  to  put  the 
mortar  between,  than  outside,  the  bricks. 

Pointing  J  if  neatly  executed,  looks  well,  especially  if  the  bond  has  been 
carefully  preserved ;  the  joints  are  raked  out,  filled  with  find  white  lime, 
and  are  drawn  straight  and  square. 

838^  Hollow  Masonry. — Hollow  brick  Walls  are  now  extensively  used 
In  buildings  in  England.  The  bricks  themselves  may  be  made  hollow, 
or  solid  bricks  are  used,  but  so  arranged  as  to  leave  hollows  between  thenu 
The  advantages  of  this  method  of  construction  are  economy,  lightness,  and 
freedom  from  damp ;  and  no  doubt  it  would  secure  in  this  country  greater 
coolness  for  the  interiors  of  buildings,  whilst  the  hollow  spaces  might  be 
used,  as  they  are  in  English  buildings,  for  purposes  of  ventilation.  At 
present  the  solid  brick  walls  employed  become  so  thoroughly  heated 
during  the  day  that  they  continue  to  radiate  heat  at  night,  so  that  the 
temperature  of  a  Barrack  in  the  Upper  Provinces  is  often  higher  at  night 
than  in  the  day.  Were  a  stratum  of  air  interposed  between  the  outer  and 
inner  face  of  the  walls,  the  heat  would  doubtless  be  much  reduced. 

In  PUlU  No.  XLY.  are  shown  two  descriptionB  of  hollow  walls,  one 
made  with  common  bricks,  the  other  requiring  the  outer  bricks  to  be  speci- 
ally moulded*  It  is  evident  that  in  such  walls  the  greatest  attention  should 
be  paid  to  the  bond,  and  notie  but  the  best  materials  should  be  employed. 

S89.  Sachchha  Pakka  Masonry  is  commonly  used  in  India  where 
lime  is  scarce  and  dear,  and  economy  is  an  object,  or  in  the  case  of 
temporary  buildings.  The  bricks  should  be  sound  and  well  burnt,  and 
laid  with  strict  attention  to  the  bond.  The  mud  mortar  should  be  neither 
too  clayey  nor  too  sandy,  and  should  be  mixed  with  a  little  chopped  straw 
and  cow-dung,  and  well  worked  up. 

840.  ^chchha  Masonry  of  sun-dried  bricks  cemented  with  mud, 
is  also  occasionally  used  for  out-houses,  or  for  the  interior  walls  of  larger 
btiildings.  The  bricks  should  be  made  of  the  best  brick  earth,  very  care- 
fdlly  dried  before  being  used,  and  laid  with  a  proper  bond.  Masonryof  this 
kind  is  exposed  to  danger  from  its  small  resistance  to  crushing,  uid 

a 

hence  should  never  be  subjected  to  a  heavy  weight ;  and  still  less  to  risk 
ftoiXL  water  {)eiietrating  into  it,  which  would  bring  the  whole  mass  down. 
It  shoTild)  therefore^  be  carefolly  protected  from  such  contact  by  masonry 
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of  bnmt  brick  (as  on  tl^e  tpps  of  i^alls),  and  sbonld  xxerer  b0  used  in 
|o^ndl^tiQng. 

841.  Eachohha  Walls  of  mnd  alone,  are  also  very  frequent-— con- 
Btm^sted  sometimes  of  clay,  not  made  into  bricks,  bnt  in  largo  lumps  laid  on 
one  another  in  a  soft  moist  state,  and  so  adhering  together  as  to  form,  whep 
dry,  one  pompaot  mass ;  or  stiff  mud,  built  in  layers,  well  pressed  down 
with  the  hand,  or  by  hands  and  feet  if  the  wall  is  thick  enough  ;  in  dry 
weather  the  sun  soon  bakes  each  \^jer  or  course,  sufficiently  to  allow  of 
the  wall  being  added  to.  Walls'so  built  generally  taper  somewhat,  and 
are  apt  to  have  vertical  fissures.  When  completed,  they  may  be  cut  and 
pared  at  the  base,  trimmed  and  plastered  with  clayey  earth  mixed  with 
hhusa,  qr  chopped  straw,  which  may  also  be  mi^ed  with  advai^tage  in  the 
mud  wherewith  the  wall  is  built*  It  is  wonderful  how  much  exposure 
to  the  rain,  such  walls,  when  carefully  built  in  dry  weather,  with  suitable 
e^rth,  will  st^d. 

843.  Pise  Walls. — ^There  is  another  description  of  earthen-wall- 
work  called  Pied.  The  prepared  clay,  with  a  very  small  admixture  or 
sprinkling  of  water,  or  ev^Q  quite  dry,  i^  ram^ied  h^d  between  two  parallel 
tows  of  board,  fixed  at  the  diatanoe  apart  of  the  proposed  thu^ess  of  wall. 
The  mass  becomes  firm  and  hard,  and  the  retaining  boards  are  removed. 
This  constructipii  ijs  expensive  and  has  little  advantage  over  ordinary  mnd 
walls,  built  under  favourable  cirouipatanGM,  except  that  its  faciDs  are  per- 
pendicular. 

843.t  The  folbwing  Briiok-work  Specifications  used  in  )t]bie  AUa)iabad 
Oircle  of  Public  Works  will  be  found  useful  :— 

I%nt  elau  Majk-wark  will  consist  of  first  dass  bricks  laid  in  cement ;  the  brickji  to 
be  of  unif onn  size,  thoronghlj  and  equally  bnmt,  of  a  deep  red  or  copper  colour^  not 
vitrified,  linjging  clearly— to  be  well  and  sqnarely  shaped,  hard  burnt,  and  sound. 

Every  brick  to  be  bedded  and  drawn  up  in  cement,  to  be  laid  with  a  true  bond,  with 
only  such  proportion  of  half  bricks  as  shall  be  necessary  to  complete  the  bond.  Every 
course  to  be  thoroughly  grouted. 

No  bats  (broken  bits)  to  be  used  in  the  brick-work. 

No  joint  to  be  more  than  three-eighths  of  an  inch  in  thickness. 

Every  brick  to  be  saturated  with  water  before  it  is  put  into  the  work. 

When  liie  brick-work  is  not  to  be  plastered,  bricks  of  a  uniform  colour  are  to  be 
selected  for  aU  face-work. 

The  tops  .of  jmOmfAk^jfuaofoj  to  h»  kept  at  all  times  fiooded  with  water. 

The  walls  to  be  ceoM  «p  ^egolflvly  in  tiXjmm  whiore  the  natoreof  the  weak  .wili| 
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In  all  cases,  returns,  bnitresses,  counterforts,  &e.,  are  to  be  bnilt  np,  oonrse  by 
conrse,  with,  and  carefully  bonded  into,  their  main  walls.  These  are  nerer  to  be 
joggled  on  afterwards. 

Where  the  masonry  in  one  section  of  a  building  cannot  be  carried  up  in  eyen 
courses,  the  break  is  to  be  left  in  regular  steps,  so  that  the  new  work  to  be  added  may 
be  built  on  over  the  old. 

The  Mortar  to  be  composed  of  kankar  or  stone  lime,  mixed  with  turkH  or  sand« 
in  such  proportion  as  the  Executive  Engineer  may  direct,  according  to  the  quality  of 
the  lime  to  be  used.  If  necessary,  a  proportion  of  stone  lime  will  be  added  to  mortar 
made  of  kanhar  lime.  The  mortar  will  be  thoroughly  ground  and  mixed  under  edge 
atones. 

The  kaniar  lime  may  be  bnmt  in  kilns  with  charcoal  or  wood,  or  clamps  with 
€pla  as  the  Executiye  Engineer  may  direct. 

The  surkhi  is  to  be  finely  pounded,  made  from  well-burnt  bricks  or  from  pro- 
perly tempered  and  approved  clay  or  loam,  worked  into  lumps  with  the  hand,  and 
well  burnt. 

If  sand  be  nsed,  it  is  to  be  shaip,  coarse-grained  river  sand,  dean  and  free  firom 
clay  or  earth. 

Not  less  than  24  cubic  feet  of  mortar  (dry)  to  be  nsed  to  the  100  cubic  feet  of 
masonry,  when  the  bricks  measure  9"  X  4|"  x  2if,  More  will  be  required  if  the 
bricks  be  smaller,  less  if  the  bricks  be  larger,  but  no  alteration  of  the  rate  will  be 
made  on  this  account. 

Second  cUlu  Irick-tDork  will  be  executed  of  similar  workmanship  generally  as  first 
class,  but  with  second  class  bricks,  viz.,  of  uniform  size,  bnmt  throughout  of  a  light 
red — not  straw  colour. 

No  joints  to  be  more  than  half  an  inch  in  thickness. 

Mortar  not  to  be  ground  under  edge  stones,  but  mixed  in  a  trough. 

This  work  will,  with  veiy  few  exceptions,  be  plastered. 

Third  class  hriek'work  will  be  executed  with  bricks  similar  to  those  described  for 
second  class,  but  laid  in  mud. 

The  execution  of  the  work  in  bond  and  other  details  to  be  as  for  second-class  brick- 
work. 

The  mud  to  be  well  tempered— if  very  plastic,  a  proportion  of  sand  to  be  added. 

To  be  worked  down  with  water  till  it  is  perfectly  free  from  lumps  and  of  the 
consistency  of  thick  paste. 

Fourth  ckui  hriek'work  to  be  executed  similarly  to  third  class,  but  with  bricks  not 
thoroughly  burnt,  being  of  a  straw  colour,  or  what  is  generally  known  as  pila. 

Minor  buildings,  enclosure  walls,  &c.,  will  sometimes  be  built  of  sun-dried  bricks 
laid  in  mud,  as  specified  for  third  class  masoniy.  The  bricks  must  be  well  and 
squarely  moulded,  of  well  tempered  clay  or  loam,  and  be  thoroughly  dried  before  they 
are  used. 

344.    The  following  are  Extracts  from  the  Brickwork  Specification 

prescribed  for  nse  in  the  Jubbnlpore  Circle  of  Public  Works. 

Bricks  for  walling  and  other  masonry  will  be  9*  x  4}"  X  8'  when  bnmt  Bricks 
of  other  dimensions  will  only  be  moulded  for  special  requirements. 

On  being  taken  out  of  the  kiln,  the  bricks  will  be  catef  oily  examined  and  divided 
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into  three  classes*  FrUt  elan  hriei»  will  be  of  aniform  sise  and  eolonr  thoroughly 
and  eqoally  burnt  throughout,  not  yitrified,  haying  a  clear  ring,  well-shaped,  square 
and  true,  without  flaw  or  crack. 

Second  eUut  hriekt  will  comprise  those  which  are  not  uniform  in  size  or  colour, 
which  are  burnt  unequally  in  parts,  or  which  are  a  little  vitrified  or  uneyenly  shaped  t 
but  they  must  all  be  well  burnt  and  haye  a  clear  ring,  and  must  be  free  from  cracks 
or  flaws. 

Well-shaped  bricks  which  are  slightly  under  burnt  and  bricks  which  haye  been 
much  fused  will  be  classed  as  third  elaas,  and  will  be  set  aaide  for  temporary  build- 
ings or  out-offloes. 

To  ensure  none  but  good  materials  being  put  into  the  work,  all  bricks  shall  be 
stacked  at  the  site  of  building  in  regular  hacks  from  1^  feet  to  2^  feet  in  thickness* 
and  shall  be  carefully  packed  by  hand.  Stacking  in  laige  loose  heaps  will  not  be 
allowed. 

All  lime  supplied  by  a  contractor  shall  be  examined  and  passed  by  the  officer  or 
subordinate  in  charge  before  it  is  slaked. 

Bricks  shall  be  soaked  in  tanks  or  tubs  for  at  least  24  hours  before  being  used.  All 
stones  shall  be  thoroughly  flushed  with  water  before  being  set.  As  the  work  proceeds, 
it  will  be  kept  thoroughly  wetted  until  the  mortar  has  set  firm  and  hard.  On  closing 
work  for  the  day,  small  mounds  of  mortar  1|  inch  high  will  be  set  all  round  the  upper 
surface  of  the  masonry  and  filled  with  water,  which  will  be  left  to  soak  in  during  the 
m*ght.     On  Sundays  and  holidays  they  must  be  kept  continuously  filled  with  water. 

Where  practicable,  the  whole  of  the  masonry  in  any  structure  will  be  carried  up  at 
one  uniform  leyel  throughout,  but  where  breaks  are  unayoidable  they  will  be  made  in 
good  long  steps,  so  as  to  prevent  cracks  arising  between  the  new  and  old  work.  All 
cross  walls  and  junctions  will  be  carefully  bonded  together. 

Church  towers  and  similar  structnres  rising  to  any  considerable  height  above  the 
buildings  to  which  they  are  attached  will  be  constructed  independently  of  it,  and  shall 
not  be  bonded  in  with  its  walls. 

Chimneys  and  ventilating  shafts  shall  be  carried  up  straight  and  smooth,  and  will 
be  plastered  internally  as  the  work  proceeds,  care  being  taken  to  leave  no  projections 
or  other  irregularities  to  interfere  with  the  up  draught.  Chimneys  will  be  carefully 
gathered  in  above  the  fire-place  with  an  easy  sweep. 

The  foundations  of  all  walls  shall  be  spread  out  in  regular  steps,  so  as  to  £^ve  them 
a  firm  footing  upon  the  soil  beneath. 

The  exterior  surface  of  all  vaults  under  roofs  or  floon^  also  [in  bridges  and  culverts] 
the  extrados  of  the  arches  and  the  top  of  the  backing,  shaU  be  staunched  with  a 
covering  of  fine  concrete  of  such  thickness  as  shall  be  directed.  In  large  bridges,  or 
wherever  considered  necessary,  a  coat  of  asphalte  or  well-boiled  coal  tar  will  be  laid 
over  the  staunching. 

All  voussoir  joints  shall  be  truly  summered.  All  horissontal  joints  shall  be  straight^ 
level,  and  even ;  all  faces  to  walls  (if  perpendicular)  shall  be  worked  true  and  plumb  ; 
or,  if  battered,  shall  be  worked  to  a  regular  slope,  the  courses  being  laid  at  right 
angles  to  the  face  and  not  horizontally.  Battering  rules,  levels,  and  plumb  rules  of 
the  English  pattern  shall  be  used  as  much  as  possible  by  masons  in  lien  of  the  nntnist- 
worfby  natiye  implements. 
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First  efan  lri^k»»ork  will  he  composed  of  Ant  class  b^ckf  set  In  lime  mcorti^  | 
acbnd  cUum  pfork  will  be  composed  of  pepond  class  bricks  also  tfit  in  lipie  mortar. 

AU  bricks  shall  be  thoroughly  flushed  in  mortar,  and  shall  be  (pio^ted  at  ererr 
fourth  conrse.  In  first  dass  work  no  joii^t  shall  jfszceed  |th  i^ph  ii^  thipkne^  in  second 
el|M  wprk  f  th  inch  will  be  the  maximnm^ 

The  bon4  need  will  be  IJn|[li8h  or  Flemish,  at  the  option  of  tfa^  Executive  En? 
gineer,  and  shall  be  carried  throughout  the  wall.  No  bats  shall  be  used  in  the  wgrk, 
and  no  more  ^f  bricks  t|ian  are  necessary  to  complete  the  bond. 

The  best  bricks  of  thpir  respectiTe  classes  will  )>e  selected  for  arches,  and  shall  be 
properly  gauged.  All  joints  shall  be  truly  summered ;  the  bricks  shall  be  set  with  ay 
close  joints  as  possible,  and  the  rings  shall  be  carefully  bonded  into  each  other. 

All  string  courses,  cornices  and  moulding  will  be  set  sbraight  and  truci  with  as  fine 
Joints  as  possible. 

Brick-work  in  mud  will  be  of  third  class  bricks  set  in  mud  mortar.  When  these 
bricks  are  laid  in  lime  mortar  it  will  be  designated  3rd  clou  brick'Work.  The  mor- 
tar need  not  be  ground  in  a  milL  The  bricks  will  be  laid  with  as  much  attention 
to  bond  as  is  possible. 

Earth  for  mud  plaster  and  for  leeping  diall  be  sifted  fine,  and  will  then  be  tiuown 
into  a  pit  witii  a  small  quantity  of  chopped  hhiusa  and  cow-dung  ;  the  whole  will  be 
well  mixed  and  flooded  with  water,  and  it  will  then  be  left  for  at  least  three  weeks  or 
until  the  regetable  matter  is  Mriy  rotted  down.  JKdehchhd  plaster  will  always  be 
floated  on  in  thin  coats,  successiTe  ones  being  added  if  a  greater  thickness  is  dedred. 
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846.  AMasokby  Ai^  is  an  assemblage  of  wedge-shaped  stoneB>(orof 
snbstitates  for  them,  sncli  as  bricks,)— called  Fmi««otr4,«— coyering  a  space, 
and  supported  intermediately  by  their  mutual  pressure  on  each  other 
caused  by  gravity,  and  ultimately  by  their  pressure  against  the  solid  body 
from  which  they  spring  on  either  hand,  whether  this  be  the  firm  ground, 
a  mass  of  masonry  called  an  abutment  or  huttressy  or  the  counter-thrust 
of  a  similar  arch  resting  on  the  same  pier,  or  point  of  vertical  support. 

The  under  side  of  an  «rch  is  called  the  Iwtradoi  or  Soffit;  the  former 
term  being  used  when  large  arches,  like  those  of  a  bridge,  are  spoken  of, 
and  the  latter  for  small  arches,  such  as  usually  occur  in  bmldtngs.  The 
oatside  of  an  arch  is  called  the  Extradoa  or  hook,  ^e  two  lowest  extremi- 
ties of  an  arch  are  called  its  Springinffe  or  apringing^  Une$.  A  line«ztending 
from  the  springing  line  on  one  side  of  an  arch  to  the  springing  line  on 
the  opposite  side,  is  called  the  Span  of  the  arch.  The  Cfroum  of  the  arch- 
is  the  part  most  remote  from  the  springing  line,  and  the  parts  of  Ihe 
arch  for  a  certain  ctistance  up  each  side  from  the  springing  lines  are 
called  the  Haunches.  The  Spandrels  are  the  spaces  contained  between 
the  extrados  and  a  horizontal  line  from  the  crown. 

846.  Carve  of  Eqnilitoiiun.— If  the  arch  stones  had  polished  sur- 
faces they  would  slip  on  each  other,  unless  the  direction  of  the  pressure 
between  each  pairof  voussoirs  was  exactly  perpendicular  to  the  direction 
of  the  joint  between  them ;  «nd  as  the  direction  and  amount  of  pressure 
caused  by  each  voussoir  oi  an  arch,  depend  on  its  weight  added  to  that 
carried  by  it,  and  on  the  form  of  the  arch,  the  lines  of  directions  of  the 
pressure  throughout  the  arch  form  a  polygon,  whose  sides  should  cut  every 
joint  at  right  angles.  This  polygon,  by  assuming  the  stones  to  be  in- 
finitely small  compared  with  the  span  of  the  arch,  becomes  a  curve  called 
(he  Curve  of  Equilibrium.    This  curve  can  in  all  possible  cases  be  deter- 
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mined  by  calculations,  ^liich  howeyer,  except  in  the  simplest  cases,  are 
abstruse,  and  the  reader  is  referred  to  Moseley's  and  Weisbach's  Treatises 
on  Mechanics,  for  the  best  theories  on  the  equilibration  of  arches. 

Experimentally,  howeyer,  an  equilibrated  arch,  to  suit  any  conditions, 
may  easily  be  drawn.  A  chain  suspended  from  (wo  points  at  a  dis- 
tance from  each  other,  and  allowed  to  hang  freely  to  the  depth  due 
to  its  length,  will  eyidently  be  in  equilibrium ;  that  is,  its  parts  will 
so  dispose  themslyes  that  none  has  a  tendency  to  push  the  other 
aside ;  or  in  other  words,  the  yertical  force  of  each  link  being  supported 
by  the  hooks  to  which  the  chain  is  suspended,  the  horizontal  thrust 
of  each  is  met  by  the  equal  and  contrary  force  of  the  links  on  each  side 
of  it.  If  these  forces  were  unequal,  motion  would  ensue ;  as  soon 
therefore  as  the  chain  is  stationary,  the  balance  or  equilibrium  of  its 
parts  is  established. 

The  festoon  thus  formed  is  an  arch  reyersed,  if  the  points  of  suspen- 
sion represent  the  abutments  of  the  arch,  which  in  the  former  are  drawn 
together,  in  the  latter  thrust  asxmder,  with  equal  force ;  supposing  the 
weight  and  depth  of  the  festoon  to  be  equal  to  the  weight  and  rise  of  the 
ring  of  arch  stones. 

If  the  chain  is  composed  of  links  of  equal  length  and  weight,  the 
festoon  will  form  a  curye  called  the  catenary.  By  increasing  the  weight 
of  the  links  towards  the  points  of  suspension  the  festoon  will  become 
flatter,  and  the  form  will  thus  be  adapted  to  arches  of  bridges,  whose 
haunches  are  built  up  to  carry  a  leyel,  or  nearly  leyel  roadway. 

Now  to  ascertain  the  form  of  an  arch  which  shall  haye  a  span  AB  and 
a  rise  FG,  with  a  roadway  following  the  line  ODE.  Let  the  figure 
ACDEB  be  inyerted,  so  as  to  form  a  figure  Ac^B.    Let  a  yery  flexible 

chain  with  links  of  equal  length 
and  of  uniform  thickness  be  sus- 
pended from  the  points  A  and  B, 
and  let  the  chain  be  of  such  a 
length  that  its  lower  point  will 
hang  a  little  below/,  correspond- 
ing to  F.  Diyide  AB  into  a 
number  of  equal  parts  in  the  points 
1,  2,  3,  &c.,  and  draw  yertical  lines  cutting  the  chain  in  the  correspond- 
ing points  1,  2,  8,  &c.    Now  take  pieces  of  a  similar  chain  and  hang 
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them  at  the  points  1,  2,  S,  &c.,  of  the  chain  A/B,  vhich  will  alter  the 
form  of  the  cnrre.  Cat  or  trim  these  pieces  of  chain  till  tiieir  tower 
ends  all  coincide  with  the  inrerted  roadva;  cde.  The  greater  lengths 
which  are  hang  on  or  near  A  and  B  will  pall  down  the  points  to  whioh 
the;  are  attached,  and  cause  the  middle  point/  which  is  less  loaded,  to 
rise  a  little,  and  ihas  bring  it  to  the  height  fixed  apou  for  the  rise  of 
the  arch. 

An  arch  bnilt  in  this  form  will  be  in  perfect  eqnilibrinm,  if  the  propor- 
tion between  the  weight  of  theringof  arch  stones  of  a  depth  proportional 
to  the  horizontal  thrnst  of  the  arch,  and  the  weight  of  roadway,  spandrel 
walla,  &c.,  carried  b;  it,  is  the  same  eb  that  between  the  chain  A/B  and 
the  bits  of  chain  snspended  b;  it.  Should  thie  proportion  be  the  same  or 
nearly  so,  the  cnrve  is  the  one  reqnired ;  if  otherwiae  the  number  or  the 
weight  of  the  snspended  pieces  of  chain  must  be  added  to  or  subtracted 
from,  till  the  desired  proportion  is  obtained.  The  load  otct  a  bridge  arch 
ia,  m  consequence  of  the  plan  of  haring  hollows  in  the  apandrels,  not 
difitribnted  exactly  in  proportion  to  the  height  of  the  wall  over  each  se- 
parate arch  stone,  and  the  specific  gravity  of  the  masB  over  the  hannches 
being  thus  less  than  over  the  crown,  an  additional  adjastment  of  the  sns- 
pended bits  of  chain  is  thereby  indicated.  The  arch  of  equilibrinm  is 
formed  to  see  whether,  when  applied  to  the  form  of  arch  chosen,  it  lies 
everywhere  well  within  the  depth  of  the  arch  stones  which  compose  it. 

34/.    An  arch  bnilt  exactly  on  the  tme  cnrve  of  eqnilibrinm  would 
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Bland,  although  no  mortar  was  used  in  its  oonstmctjon,  and  even  if  th« 

voussoirs  were  highly  polished  on  their  bearing  snrfaces. 

In  practice  however,  the  extent  of  the  anrfacee  of  the  arch  joints,  their 
friction,  and  the  tenacity  of  the  mortar  between  tbem  render  a  departure 
from  the  tme  carve  of  eqailibriam  in  the  form  of  an  arch,  especially  of  a 
loaded  one,  as  that  of  a  bridge,  unimportant  within  certam  limits ;  still, 
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in  order  to  determine  those  limits,  and  in  heayy  arches  to  aToid  any 
approach  to  the  degree  of  compression  which  the  materials  nsed  are 
incapable  of  enduring,  the  best  form  should  be  known,  as  there  will 
always  be  an  economy  of  materials  disposed  in  such  forms,  in  ignorance 
of  which  safety,  if  attained,  can  be  so  only  by  waste ;  and  it  must  always 
be  remembered  that  in  buildings  intended  to  be  permanent,  allowance 
must  be  made  in  constructions  of  brickwork  and  masonry,  for  the  effect 
of  concussion  caused  by  storm,  earthquake,  or  floods,  as  in  constructions 
of  wood  and  metals  for  effect  of  decay  and  rust. 

It  is  therefore  requisite  that  the  curre  of  equilibrium  of  an  arch  should 
be  contained  between  the  lines  of  its  upper  and  lower  surfaces,  called  its 
extrados  and  intrados,  and  not  be  allowed  to  approach  too  near  to  either ; 
otherwise,  the  thrust  might,  if  brought  too  near  the  edges  of  the  yous- 
soirs,  splinter  them,  and  thus  changing  the  form  of  the  arch  and  bringing 
freah  points  under  pressure,  perhaps  crush  them  in  detail. 

848.  The  effect  of  the  cohesion  of  the  mortar  in  arches,  is  to  cause 
the  breaking  up  of  an  arch  whose  equilibrium  is  defective,  into  three  or 
four  masses  which  may  be  considered  as  the  sides  of  a  polygon,  whose  an- 
gles are  at  those  points  of  the  extrados  and  intrados  where  they  are  cut 
by  the  curre  ef  equilibrium ;  motion  may  take  place  about  these  points, 
unless  the  thrust  in  the  direction  of  the  sides  of  the  polygon  is  met  both 
in  the  piers  and  in  the  points  where  the  arch  has  a  tendency  to  open  out- 
wards, by  a  sufficient  weight  to  counteract  it. 

It  will  be  seen  at  once,  therefore,  that  quite  different  forms  are  required 
for  weighted  and  unweighted  arches;  the  former  are  as  in  bridges, 
tjhe  latter  in  roofs.  For  instance,  it  has  been  found  that  an  unloaded 
semi-circular  arch  whose  extrados  is  parallel  to  the  intrados,  with  a  thick- 
ness less  than  1-1 6th  of  its  span,  will  gire  way  by  the  rising  of  its 
haunches ;  this  relatire  thickness  not  containing  in  it  a  curve  of  equili- 
brium under  the  given  conditions. 

It  is  evident  that  the  weight  throvm  on  the  haunches  of  a  bridge  in 
order  to  bring  the  roadway  to  a  level,  will  counteract  this  tendency  of 
semi-circular  arches  to  bulge  out  at  these  points ;  the  remedy,  however, 
may  be  carried  too  far,  as  was  proved  by  an  enterprising  Welshman, 
named  Edwards,  in  1751,  who  built  a  bridge  of  a  single  segmental  arch  of 
140  feet  span,  and  85  feet  rise,  over  the  river  Taaf,  but  filling  in  the 
haunches  with  solid  masonry,  the  croirm  of  the  arch  was  forced  up  audit 
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fell.    The  bridge  was  rebuilt  with  hollows  left  in  the  haunches ,  and  is 
we  believe,  still  standing. 

849.  From  obserrations  of  the  manner  in  which  large  cylindrical 
arches  settle,  and  experiments  made  on  a  small  scale,  it  appears  that  in  all 
cases  of  arches  where  the  rise  is  not  greater  than  the  half-span,  they  yield 
by  the  crown  of  the  arch  falling  inwards,  and  thrasting  the  lower  por- 
tions outwards,  presenting  fiye  joints  of  rupture;  one  at  the  key-stone, 

Fig.  1.  one  on  each  side  of  it,  which  limit  the  por- 

tions that  fall  inwards,  and  one  on  each  side 
near  the  springing  lines,  which  liiinit  the 
parts  thmst  outwards. 

The  figure  (1)  in  the  margin  represents 
the  manner  in  which  such  arches  yield  by 
rupture :  o,  joint  of  rupture  at  the  key^stone :  mm,  joints  of  rupture  below 
the  key-stone :  nn,  joints  of  rupture  at  springing  lines. 

In  pointed  arches  or  those  in  which  the  rise  is  greater  than  the  half- 
Fig.  2.  span,  the  tendency  to  yield  is  different ; 

here  the  lower  parts  fall  inwards,  and 
thrust  the  parts  near  the  crown  upwards 
and  outwards. 

The  marginal  figure  (2)  represents  the 
manner  in  which  pointed  arches  yield; 
mm  falling  inwards  and  mo  outwards. 

850.  Calculation  of  Thrust.— From  this  movement  in  arches,  a 
pressure  arises  against  the  key-stone,  termed  the  horizontal  thrust  of  the 
arch,  the  tendency  of  which  is  to  crush  the  stone  at  the  key,  and  to 
oyertum  the  abutments  of  the  arch,  causing  them  to  rotate  about  the 
exterior  edge  of  some  one  of  their  horizontal  joints. 

The  joints  of  rupture  below  the  key-stone  vary  in  arches  of  different 
forms,  and  in  the  same  arch  differently  loaded.  From  experiments,  it 
appears,  that  in  semi-ciicular  arches,  the  joints  in  question  make  an 
angle  of  about  27^  with  the  horizon ;  in  segihental  arches  of  arcs  less 
than  120°,  they  are  at  the  springing  lines ;  and  in  oral  arches  of  three 
centres,  they  are  found  at  about  45°  from  the  springing  line^  measured 
on  the  small  arc  which  forms  the  extremity  of  the  curve. 

The  calculation  of  the  points  of  rupture,  the  consequent  horusontal 
thrust^  and  its  effect  in  crushing  the  stone  at  the  key,  and  in  overturning 
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the  abatment,  are  problems  of  considerable  mathematical  intricacy,  which 
have  been  solved  by  a  nnmber  of  writers  on  the  theory  of  the  eqnilibrinm 
of  arches,  and  tables  for  effecting  the  necessary  numerical  calcalation 
have  been  drawn  up  from  their  results  to  abridge  the  labour  in  each  case. 
The  following  formula  is  given  by  Rankme,  as  suflSciently  accurate  for 
practically  finding  the  horizontal  thrust  of  the  arch,  from  which  the 
necessary  thickness  of  the  abutment  wall,  or  buttress,  to  resist  this  thrust 
can  be  determined :~ 

Circular  Arch  not  less  than  a  Quadrant. — The  horizontal  thrust  is 
nearly  equal  to  the  weight  supported  between  the  crown  and  that  part  of 
the  soffit  whose  inclination  is  45°. 
Thus,  in  figure,  let  AOB  represent  one-half  of  a  circular  arch,  0  being 

the  centre  of  the  intrados  and  OA  its  radius, 

=  r ;  let  OP  =  r',  PU  =  c;  UV  being  the 

horizontal  platform.    Draw  OCF,  making  the 

angle  AOC  =:  45°  with  the  vertical ;  then  the 

horizontal  thrust  of  the  arch  will  be  nearly 

equal  to  the  weight  of  the  mass  ACFVU, 

which  lies  between  the  joint  CF  and  the  crown. 

The  point  F  is  that  up  to  whose  level  it  is 

advisable  to  biiild  the  backing  solid,  or  at  all 

events,  to  bond  and  joint  it  in  such  a  manner  that  it  shall  be  capable  of 

transmitting  a  horizontal  thrust.    Draw  FT  horizontal ;  then  PT  = 

•7071  OP. 

Circular  Arch  less  than  a  Quoc^ranf.— Take  the  weight  of  a  half-arch 
with  its  load,  and  multiply  by  the  co-tangent  of  the  inclination  of  the 
ii^trados  to  the  horizon  at  the  springing. 

This  thrust  when  applied  at  the  top  of  an  abutment  will  act  with  the 
greatest  force  at  its  base,  or  at  the  full  extent  of  the  lever  whose  length 
is  the  height  of  the  abutment ;  the  resistance  will  consist  of  the  abut- 
ment calculated  by  multiplying  the  content  by  the  weight  of  the  material, 
and  by  the  length  of  the  leverage,  calculated  from  the  point  over  which 
its  centre  of  gravity  must  be  turned,  added  to  the  weight  of  the  half- 
arch  resting  on  the  abutment,  acting  at  the  point  from  which  it  springs, 
and  to  the  cohesion  of  the  mortar  joint  which  must  give  way  before  the 
mass  can  begin  to  move. 
361.    This  method  of  determining  the  thickness  of  an  abutment  to 
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resist  the  effort  of  an  arch  to  torn  it  oyer,  will  be  best  illustrated  by  an 

example. 

The  abutment  arch  of  the  Hatcheson  Bridge,  Glasgow,  bnilt  by  Mr.  R.  StereDson, 
is  a  segment  of  60^  of  a  circle,  the  radins  and  span  being  each  65  feet.  The  line  of 
thrust,  which  is  tangent  to  the  cnrve  at  the  springing,  forms  therefore  an  angle  of  dO^ 
with  the  horizon.  The  thickness  of  the  arch  is  everywhere  8}  feet,  the  height  of  the 
springing  line  is  17  feet,  the  abatment  is  carried  up  solid  to  a  mean  height  of  26  feet. 


To  6nd  the  thmst  of  this  arch,  it  will  be  requisite  to  allow  for  the  weight  of  the 
roadway  and  occasional  loads  passing  over  it,  and  when  the  material  is  stone,  1^ 
feet  added  to  the  thickness  of  the  arch  may  be  taken  to  cover  all ;  the  arch  then 
averages  5  feet  in  thickness,  and  the  length  of  the  half-arch  85  feet  nearly.  A  cubic 
foot  of  masonry  may  be  taken  at  120  tbs.,  and  in  making  the  calculation  of  the  thrsst 
of  the  arch  and  the  resistance  of  the  abutment,  it  will  be  sufficient  to  take  one  run- 
ning foot  in  length  for  each. 

The  weight  of  the  half-arch  then  will  be  =  5  X  85  X  120  X  1  =  21,000  Ks.,  and 
this  weight  multiplied  by  the  cot  of  80^  will  give  the  haritontal  thrust  of  the  arch, 
and  this  thrust  acts  upon  the  abuiment  at  the  springing  line,  and  therefore  with  a 
leverage  of  17  feet  in  this  case. 

The  moment  of  the  arch  then,  tendmg  to  overturn  the  abutment  will  be  =  21,000 

X  n/8  X  17.  The  resistance  the  abutment  can  offer  to  this  will  be,  first,  its  own 
weight  multiplied  by  half  its  thickness ;  second,  the  strength  of  the  abutment  against 
rupture  at  the  mortar  joint ;  and  third,  the  effect  of  the  weight  of  the  arch  itself  in 
preventing  the  abutment  from  turning  over,  that  is,  from  its  resting  upon  the  inner 
edge  of  the  abutment 

If  we  take  1000  lbs.  as  the  cohesive  strength  of  the  mortar  joint  per  superficial  foot 
and  the  weight  of  the  masonry  120  lbs.  per  cubic  foot,  as  in  the  arch  ;  also  if  r  repr^ 
sent  the  thickness  of  the  abutment,  then  the  resistance  of  the  abntment  will  be  as 
follows  :— 

(i).    Besistanoe  due  to  its  own  weight  =  26x«xlXl20X^  =  1560  «*. 


=  600  »•. 
=  21000'«. 


(ii).    Resistance  due  to  mortar  joint  es  1000  X  sr  X  -k 

(iii).    Resistance  due  to  archy  

Then,  if  these  be  equated  with  the  moment  of  the  arch,  we  have 

2060  «*  + 21000  Of  =  21000  X  ^/8  X  17. 
And  solving  this  equation,  we  get  «  =  12*9  feet. 
This  equation  of  equilibrinm,  as  it  is  called,  may  be  pnt  in  an  algebraic  forai  as 
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follows,  snppoBing  the  arch  not  to  exceed  a  qoadnnt,  and  the  hack  and  front  of  the 
abutment  to  be  perpendicalar. 
Let  V^  =  the  weight  of  the  half -arch  with  its  saperincnmbent  load  of  backing  and 
roadway,  &c. 
a  =  the  angle  sabteoded  by  the  half-arch,  or,  which  is  the  same  thing,  the 
angle  of  inclination  of  the  tangent  to  the  carve  at  the  springing  lin& 
fo  =:  weight  per  cabic  foot  of  the  masonry  of  the  abutment. 
h  =  height  of  abutment  to  springing  line. 
hi  =  mean  height  of  abutment. 

0  =  cohesive  strength  of  mortar  joint  per  superficial  foot 
h  =  horizontal  thrust  of  arch. 
Then  H  =  W  cot  a,  and  the  moment  of  the  arch  s=  A  W  cot  a,  and  putting  »  for 
the  thickness  of  the  abutment  as  before,  the  equation  of  equilibrium  will  be 

(*L:L+?)^  +  W«  =  AWoot«. 

In  the  example  given  above,  suppose  the  mean  height  of  the  abutment  to  be  only 
19  feet,  and  the  arch  springing  from  10  feet 

The  moment  of  the  arch  will  then  be  =  21000  X  ^/3  X  10,  and  the  resistance 
will  be  1140«*  +  500^9*  +  21000  «,  or  the  equation  will  be 

1640^;*  +  210000  =  21000  X  ^/8  X  10,  and  solving  this  equation, 
0  s=  9 '8,  or  8  feet  less  than  in  the  former  case. 
If  there  were  no  cohesion  between  the  stones  or  bricks  forming  an  abutment,  the 

horisontal  thrust  would  cause 
them  to  slide  on  each  other 
at  the  joints ;  thus  in  the  ac 
oompanying  figure,  the  thrust 
of  the  arch  /,  would  be  re- 
sisted only  by  the  friction  in 
the  joint  ah,  which  would  be 
equal  only  to  about  seven- 
tenths  of  the  weight  of  the 
mass  alcdf  *7  being  the  co- 
efficient of  friction  of  stone 
or  brick.  If  ahcd  be  taken  as  a  rectangle,  bo  8  feet,  suppose,  and  120  lbs.  as  the 
weight  per  cubic  foot  as  before,  also  let «  represent  the  width  ah ;  then  the  weight 
of  the  mass  ahcd  will  be  =  8  X  120  X  a?  =  860  «.  To  this  add  the  weight  of 
the  half-arch  resting  upon  it,  or  21000  lbs.,  then  the  whole  resistance  of  friction  will 
be  =  *7  (360x  +  21000)  =  252af  +  14700.  Equating  this  with  the  horisontal  thrust 
of  the  arch  as  found  before,  we  have  252dr  -f  14700  =  21000  ^/8,  whence 

a:  =  86  feet 

The  cohesion  of  common  mortar,  according  to  Rondelet,  is  from  2160  to  4820  lbs. 

per  superficial  foot,  but  according  to  some  experiments  made  recently  in  connection 

with  the  masoniy  forts  in  the  Bombay  Harbour,*  it  was  found  to  average  only  2862 

lbs.  for  the  best,  and  1270  lbs.  for  worst,  class  of  mortars. 

Bef erring  again  to  the  last  calcnlation,  when  the  abutment  is  supposed  to  yield  by 

•  xpiofieBriMud  Fapen  on  Indian  Baglneiring  [Fint  BMte],"  for  NovnriMr  IMS. 
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didisg,  there  would,  in  practioe  alwaje  be  mortar  between  the  layen  o£  masoniy  in 
the  abatmeiit,  and  the  resistance  of  the  Mortar  joint  along  the  line  ah  wonld  o£Fer  the 
principal  resistance  to  the  thmst  of  the  arch.  In  the  aboye  case,  if  we  take  2000  lbs. 
as  the  oohesire  streogth  per  superficial  foot  of  the  mortar,  and  also  assume  the  resist- 
ance to  detmsion  to  be  the  same  as  the  cohesion,  the  strength  or  resistance  of  the 
mortar  joint  will  be  =  2000  x,  and  equating  this  with  the  thmst  of  the  arch,  we  have 

2000*  =  21000  ^3 

/.  =  1818  feet. 

It  appears  from  this,  that  it  will  be  necessary  with  abutments  of  small  height  to 
calculate  the  thickness  both  for  overturning  and  detrnsion,  atad  to  take  whichever 
is  the  greater  as  the  minimum  thickness. 

In  considering  the  case  of  detrnsion,  it  is  evident  that  an  abutment  which  is  likely 
to  be  tested  in  this  way  should  be  allowed  to  set  thoroughly  before  the  arch  is  turned 
or  at  any  rate  before  the  centering  is  removed. 

8S2.  In  the  above,  and  all  similar  calculations,  it  mnst  be  remember- 
ed that  the  thickness  of  the  abutment  thus  found  is  the  minimum  thickness 
absolutely  required  to  resist  the  thrust.  But  in  actual  practice  an  addition 
of  about  one-eighth  should  be  made  to  the  calcuhttod  mass  of  the  abut- 
ment, to  ensure  safety. 

In  Elliptic  arches,  the  portion  of  the  arch  immediately  above  the  skew-- 
back  should  be  taken  to  form  part  of  the  abutment,  and  the  thrust  may 
be  calculated,  as  before,  by  treating  the  curve  as  a  series  of  circular 
segments. 
More  will  be  said  on  Abutnients  under  the  Section  Bbidobs. 
368.    Forms  of  Arches. — Arches  may  be  Semi-Circular,  Segmental, 
Semi- Elliptical,  or  Pointed. 

Semi-Elliptical  Arch. — To  set  out  a  semi- elliptical  arch,  draw  a  line 
AB  equal  to  the  span  or  transverse  axiri  of  the  ellipse.  On  this  at  right- 
angles  draw  CD  equal  to  the  rise  (which  will  be  the  semi- conjugate).     Then 

from  the  vertex  C,  with 
radius  AD  or  DB  equal 
to  half  the  span,  describe 
an  arc  intersecting  ABin 
E  and  F.  These  two 
points  will  be  the  foci  of 
the  ellipse.  If  two  nails 
or  pegs  be  fixed  in  the 
foci,  and  a  line  attached  to  them  equal  in  length  to  AB,  then  the  curve 
traced  by  a  nail  keeping  this  line  stretched,  irill  be  the  ellipse  required ; 


the  lines  EOF,  EHF,  ECF,  EIP,  &c.,  being;  tU  equal  to  Uie  spaa  AB, 
and  to  each  other. 

S64.  An  elliptic  arch  ma;  aUo  be  deacribed  by  continued  motion  in  the 
following  manner  : — On  a  iitraight  bar  AB  («u  £gnre),  if  AC  he  made 
equal  to  the  height  of  the  arcb,  and  CB  eqnal  to  half  the  span,  then  if  the  end 

of  A  be  moTed 
r  along  a  straight 

edge  ED,  while 
the    point     B 
moves  along  an- 
other straight 
edge  FD  per- 
-  pendicDlar     to 
'.,  ED,  the  point 
^C  will  describe 
'  -an      elliptic 

quadrant.  If 
the  barbemade 
to  move  on  rollers,  an  arch  of  conBiderable  size  may  be  accnratelj 
deacribed  in  this  way,  when  a  trammel  would  become  unmanageable.  To 
find  the  direction  of  the  joints,  with  a  radius  equal  to  half  the  span,  from 
the  point  K  (ue  figure),  as  a  centre,  describe  the  arc  GH,  which  deter- 
mines the  points  Q,  H,  called  the  foci.  Let  it  now  be  required  to  draw  a 
joint  at  I,  join  IG  and  IH,  draw  LI  to  bisect  the  angle  GIH,  and  it  is  the 
joint  required. 

8Sfi.  Many  centered  Circular  arch. — Curres  formed  of  arcs  of  UTcles 
of  unequal  radii,  and  similar  in  appearance  to  the  ellipse,  are  sometimes 
adopted  for  the  archea  of  bridges ;  with  the  same  rise  and  span,  they  may 
be  constnicted  to  give  a  greater  waterway,  and  in  stone  bridges  they  have 
been  preferred  by  practical  stone  cutters,  but  in  brick  bridges  they  have  no 
advantage  in  simplicity  over  elliptjcalarchea.  They  may  bedescribed  with 
three  or  a  greater  odd  number  of  centres.  The  number  of  centres  will  de- 
pend on  the  relation  between  the  span  and  rise ;  when  the  latter  is  one- 
third,  or  a  greater  fractional  part  of  the  former,  three  centres  may  be  used, 
but  if  the  rise  is  less  than  one- third  of  the  span,  then  tive,  or  •  greater  odd 
nnmber  must  be  taken.  In  practice,  it  will  befoundtroubleaometodescribe 
area  from  a  large  aomber  of  centres,  nor  indeed  will  occasion  be  found  for 
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using  curves  of  this  description.  The  following  is  a  method  of  describing  % 

curve  composed  of  three  arcs,  eacli 
of  60°.  Let  AB  (see  figure)  re- 
present the  span,  and  CD  the  rise, 
take  DG  s  AD  -  DC,  and  on 
s  it  describe  an  equilateral  triangle 
DQH,  let  fall  the  perpendicular 
HI  and  Uke  IE  =  HL  In  the 
same  wajr  the  point  F  is  found* 
K  On  EF  describe  the  equilateral 

triangle  EFK,  then  E,  F  and  K,  will  be  the  centres  required. 
If  the  oval  arch  rise  one-third^  bisect  the  half  spans  AD  and  DB  (ie$ 

figure)  in  the  points  E  and  F,  and 
produce  versed  sine  CD  to  0  mak- 
ing DG  =  DO,  then  E,  F,  and  G, 
will  be  the  three  centres  with  which 
the  curve  may  be  described.  In  sei- 
'^  ting  out  arches,  the  practical  diffi- 
culty arises  from  the  elasticity  of 
string.  Instead  of  a  string,  soft 
wire,  about  a  tenth  of  an  inch  in 
cGameter,  should  be  used«  YHien 
the  radius  does  not  exceed  12  or  15  feet,  a  slip  of  wood  may  be  used  with 
a  nail  at  each  end. 

866.  Pointed  Arches.— The  next  figure  illustrates  the  mode  of  describ- 
ing the  usual  four-centered  Tudor  arch,  which 
is  generally  adopted  as  a  very  graceful  form* 
Set  off  a4  equal  to  the  width  of  the  arch,  and 
divide  it  into  four  parts,  as  al,  12, 28,  and  84. 
Then,  with  18  as  a  radius  on  the  points  1  and 
8,  describe  the  arcs  le  and  3^.  Draw  lines 
through  le  and  Se,  after  which,  rule  perpen- 
dicular lines  through  1  and  3,  cutting  the 
lines  le  and  3em  d  and  /.  This  done,  with 
la  as  a  radius  on  the  point  1,  describe  the  arc 
ah ;  then  with  the  radius  bd,  draw  the  remainder  of  the  arch  be. 
other  side  of  the  arch  is  completed  by  a  similar  process. 
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867a  Flate  XLYL  contains  four  examples  of  Gothic  arches  of  vari- 
ons  periods,  elucidating  some  of  the  principles  which  may  be  adopted  in 
designing  similar  arches,  !Uid  the  leading  feature  to  be  obserred  in  the 
setting-ont  and  working  of  them. 

j^r^.l  is  an  Eairly  English  arch,  struck  from  two  centres,  and  haying 
three  surfaces  of  mouldings.  The  width  of  the  opening  is,  in  this  case, 
divided  into  five  parts,  the  two  points,  2  and  8,  level  with  the  top  of  the 
capitals,  being  the  centres  from  which  the  arch  is  described.  In  this 
Speennen,  the  outermost  and  innermost  shafts  are  worked  in  the  courses, 
while  the  shaft  between  them  is  of  long  stones  detached  from  the  jamb ; 
this  latter  kind  of  column  is  a  very  common  and  pleasing  feature,  in  this, 
and  the  early  part  of  the  succeeding  style. 

jFY^.  2  is  a  very  beautiful  trefoil  arch  of  the  early  part  of  the  14th 
century  :  the  springing  is  a  few  inches  above  the  capitals.  The  span 
from  0  to  ll  is  divided  into  eleven  equal  parts ;  from  the  divisions  2,  9,  • 
as  a  base  erect  an  equilateral  triangle,  and  upon  the  divisions  2,  8,  4, 
and  7,  8, 9,  as  bases,  the  small  equilateral  triangles  2y  B^,  4,  and  7,  8^,  9, 
the  extreme  angles  of  which  give  the  points  from  which  the  curvQ^  of 
the  atch  are  drawn.  The  dotted  lines  from  the  centres  to  the  arch  re- 
present the  mode  of  drawing  the  joints,  the '  different  planes  of  which 
meet  at  the  mitre  of  the  mouldings  in  the  spandrel — a  feature  which 
should  always  be  preserved  in  order  to  make  sound  workmanship. 

Fig,  8  represents  a  foliated  arch  with  double  featherings,  viz.,  feather- 
ings or  cusps  on  two  different  planes.  The  same  general  principles  are 
observed  in  describing  these  arches,  as  may  be  seen  by  consulting  the 
Flate ;  but  the  featherings  in  ancient  examples  are  greatly  varied  in  form 
and  treatment.  This  design  is  of  the  Early  Decorated  period,  in  which 
the  principal  spandrels  are  carved,  and  sometimes  both  the  principal  and 
the  minor  ones  ;  but  in  later  examples  they  are  ornamented  with  pierced 
tracery.  The  radiating  joints  must  be  carefully  maintained,  care  being 
taken  to  work  the  carving  in  single  stones  as  far  as  possible. 

Fig,  4  is  a  four-eentered  arch  of  the  perpendicular  period.  This  arch 
is  formed  by  the  space  from  0  to  9  (the  leading  fillet  being  taken  as  the 
guide).  This  must  be  divided  into  nine  parts ;  upon  the  bases  1,  5^ ; 
8,  8^,  describe  the  inverted  equilateral  triangles  1, 10,  5^ ;  8, 11,  8^ ; 
and  from  the  points  10,  5^^  and  11,  8^,  the  arch  is  struck. 

868.    The  mason,  in  order  to  put  a  design  into  execution,  must  set 
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oat  the  arch  fall  size  in  el6Taii<m  on  a  levelled  sorffM^e,  with  the  jomts 
marked  thereon.  The  next  process  is  :to  make  the  -moalds,  loir  vhioh 
thin  sheets  of  zinc  are  best  adapted ;  the  zinc  heing  cpt  to  the  ifojm  of 
the  required  sections  of  the  Yooseoirs,  both  on  the  b^d^  .fmd  on  the  /ace. 
Where  arches  are  formed  of  one  oorye,  and  the  Toassoirs  are  all  of  one 
size  and  shape,  one  moald  will  be  sufficient,  except  for  the  key-*stone. 
The  moalds  being  thns  obtained,  and  nnmbered  or  lettered  for  their 
respectiye  situations,  the  stone  is  to  be  wodi^ed  to  a  level  face,  and  the 
face-monld  applied  and  marked,  the  joints  worked,  and  the  seotion  or 
bed-monld  applied  and  marked. 

859.  The  proportion  of  Siae  to  span  depends  on  the  natare  of  the 
stractore  in  which  the  arch  is  employed,  and  on  the  weight  aapported 
by  the  arch. 

Where  great  strength  is  required,  and  there  is  plenty  of  .i^ace,  a 
semi-circular  arch  is  the  strongest  of  all.  The  semi-elliptical  is  the  most 
graceful,  and  the  segmental  perhaps  the  most  useful.  Pointed  or^thic 
arches  are  used  only  in  buildings,  never  for  (modem)  bridges.  Por  load- 
ed arches,  as  in  the  case  of  bridges,  the  proportion  of  the  rise  in  seg- 
mental and  semi-elliptical  arches  varies  from  about  one-eeventh  to  one- 
fourth,  the  ratio  increasing  with  the  span.  Very  flat  arches,  like  those 
over  doorways  in  buildings,  have  segmental  arches  tamed  over  them  to 
relieve  them  of  the  superincumbent  weight  of  the  wall. 

S60.  The  Thickness  of  arches  depends  on  the  rise,  on  the  weight  sup- 
ported, and  on  the  material  of  which  the  arch  is  composed.  French 
writers  give  -^  of  the  span  +  I'l  foot  as  the  rule  in  case  of  bridges  ; 
but,  as  this  is  independent  of  Ihe  radius  of  curvature,  we  prefer  Ban- 
kine's  formula  /s/'l2r,  for  the  thickness  at  the  crown,  r  being  the  radius 
of  curve  of  the  soffit  at  that  point.  In  the  case  of  Brick  arches,  all  sm^dl 
arches  should  be  18  inches  or  two  bricks  thick  at  the  crown,  and  this  thick- 
ness will  be  sufficient,  as  experience  has  shown,  until  the  span  exceeds 
.36  feet,  and  then  sheuld  be  increased  half  a  brick  for  every  8  feet ;  there- 
fore for  a  span  of  60  feet,  the  thickness  should  be  3j^  bricks,  or  2  feet. 
7^  inches.  Arches  are  rarely  built  of  a  span  exceeding  70  feet  in  India* 
and  hence  fonr  bricks  may  be  taken  as  the  maximum  thickness. 

Arches  should  increase  in  thickness  from  the  crown  to  the  springing. 
In  segmental  arches  the  thickness  at  the  springing  is  50  per  cent,  more 
than  at  the  crown.  Brick  arches  should  be  divided  into  several  portions, 
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and  the  increase  of  thickness  in  each  portion  should  be  half  a  brick,  in 
order  to  ensure  proper  bond.  In  small  arches  the  extrados  may  be  made 
parallel  to  the  intrados. 

861.  CSenteringrs. — From  the  nature  of  an  arch,  formed  of  separate 
pieces  of  material,  as  bricks  or  stones,  it  is  clear  that  they  could  not  be 
placed  in  the  position  they  are  intended  to  maintain,  without  some  arti- 
ficial support  for  them  to  rest  upon,  until  the  arch  is  completed  and 
made  capable  of  supporting  itself.  And  when  that  is  done,  this  artificial 
support  has  to  be  remoyed,  in  order  to  throw  open  the  space  that  had 
been  arched  oyer  without  any  impediment.  This  applies  equally  to  all 
arches  or  yaults,  from  the  smallest  to  the  largest,  and  the  artificial  sup- 
port that  is  made  use  of  is  called  the  Centre  or  the  CenUring  of  the  arch. 

In  all  centerings,  the  two  chief  points  to  be  attended  to  are,  that  its 
upper  or  bearing  surface  shall  be  yery  correctly  formed  to  the  figure 
assigned  to  it,  whether  it  be  a  portion  of  the  circle,  ellipse,  or  any  other 
corye ;  and  that  it  shall  be  sufficiently  strong  to  bear  the  weight  of  the 
materials  the  arch  is  to  be  composed  of,  together  with  the  workmen, 
tools  and  other  things  that  may  be  placed  upon  it,  without  sinking  or 
changing  its  form  at  any  time  during  the  construction  of  the  arch. 


86S.  Wooden  centerings  consist  of  ribs  or  trusses  whose  upper  out- 
line is  of  exactly  the  same  form  as  the  intrados  of  the  arch  to  be  sup- 
ported. These  ribs  or  trusses  ABC  are  placed  at  certain  distances  apart, 
and  connected  by  boards  or  battens,  called  laggings  (II),  to  form  a  curyed 
surface  on  which  to  lay  the  arch  stones  or  bricks. 

The  construction  of  centerings  for  small  arches  requires  little  or  no 
skill.  Such  centres  are  generally  made  of  two  ribs,  with  the  lagging  nail- 
ed to  their  conyex  surface,  the  ribs  being  made  by  means  of  two  or  three 
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thicknesses  of  plank  nailed  together  with  the  grain  of  the  wood  crossing ; 
as  in  the  above  sketch. 

Similar  centerings  with  three  or  more  ribs  are  applicable  to  road  ton- 
nels,  and  n^ay  be  made  into  lengths  of  10^  feet  each,  the  lagging  being 
nailed  on  to  each  rib  and  extending  oyer  at  least  two  spaces ;  the  joints, 
if  any,  being  alternate,  so  as  to  hold  the  whole  framework  well  together. 
In  bnilding  the  drain  or  tnnnel,  the  centering  is  first  to  be  fixed  in  its 
proper  place,  at  one  end  of  the  work,  and  the  arch  is  then  built  over  its 
whole  extent.  That  done,  the  centre  is  struck  (which  is  the  technical  ex- 
pression for  releasing  and  taken  down  the  centering),  and  it  is  moTed  for- 
ward very  nearly  its  own  length,  taking  care  to  leave  8  inches  of  one  of  its 
ends  underneath,  but  in  contact  with  the  underside  of  the  portion  of  arch 
that  has  been  built.  In  this  new  position,  it  is  to  be  made  straight  and 
level,  and  again  fixed ;  when  a  second  quantity  of  arch  work  equal  to  its 
length  may  be  built  upon  it,  when  it  is  again  struck,  advanced,  adjusted, 
and  fixed,  and  is  ready  for  a  third  length  of  work ;  and  by  this  process, 
a  tunnel  may  be  continued  any  required  distance  with  only  one  short  cen- 
tering. Two  or  three  centerings  of  this  kind  will  be  found  very  useful, 
when  a  large  number  of  tunnels  of  the  same  span  are  to  be  built  on  a  new 
line  of  road ;  where,  however,  wood  is  dear  and  carpenters  scarce,  a  solid 
centering  of  earth  may  be  formed,  by  filling  in  between  the  side  walls,  or 
abutments  with  rammed  earth,  and  then  forming  a  raised  surface  of  the 
same  to  the  shape  required.  This  mould  is  to  be  removed  by  digging 
out,  after,  the  tunnel  is  completed,  or  so  far  as  completed  at  any  time. 

The  centerings  required  for  large  arches,  and  the  methods  used  in 
striking  such  centres,  are  treated  of  under  the  Section  Carpbntbt. 

868.  Various  periods  have  been  laid  down  as  proper  to  allow  be- 
tween th^  keying  and  the  uncentering  of  arches,  though  it  has  been 
generally  agreed  that  immediately  after  the  Completion  of  the  arch,  the 
centerings  should  be  slacked  a  little,  so  that  the  bricks  may  close  in  and 
compress  the  mortar.  And  certainly  this  should  be  done  before  the 
facing,  spandrel,  and  outside  parapet  walls  are  built  upon  the  arches, 
because  a  trifling  change  of  form  in  the  arch  may  occur  by  its  settlement 
without  impairing  its  strength,  but  which  might  crack  and  disfigure  the 
external  face  walls ;  but  if  they  are  not  built  until  the  arch  has  taken  its 
final  set,  there  will  be  no  danger  of  their  being  afterwards  deranged  or 
disfigured.   Arches  have  been  safely  uncentered  immediately  after  keying, 
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and  have  changed  tbeir  shape  bat  slightly ;  centerings  have  also  been 
left  up  one  and  two  months,  and  even  six  months,  and  though  on  their 
TemoYai,  the  arches  have  not  sunk  at  all,  yet  th^j  have  done  so  occasion- 
ally after  the  addition  of  the  weight  of  the  superstructure..  It  is  clear 
that  any  change  of  shape  in  the  arch  must  be  less  prejudicial  .to  its 
strength,  while  the  mortar  is  soft,  than  after  it  has  set,  for,  should  any 
settlement  then  take  place,  the  work  must  become  crippled. 

When,  however,  a  large  arch  has  been  built  on  a  ^olid  centering,  or 
one  that  canpot  be  properly  and  equally  lowered,  it  may  be  requisite  to 
allow  the  arch  to  set,  at  least  partially,  before  proceeding  to  remove  such , 
a  centering,  which,  moreover,  has  probably  allowed  by  its  compression, 
of  some  degree  of  settlement  in  the  arch. 

864.  Bond  of  Stone  Arches^ — The  same  general  principle  is  fol- 
lowed in  arranging  the  joints  and  bond  of  the  masonry  of  arches,  as  in 
other  structures  of  cut  stone.  The  beds  should  be  perpendicular  to  the 
direction  of  the  thrust  through  the  arch-ring,  and  the  side  joints  should 
be  normal  to  the  beds  and  to  the  surface  of  the  soffit,  and  the  surfaces  of 
any  two  systems  of  joints  should  be  normal  to  each  other  at  their  lines 
of  intersection. 


In  semi-ciroular  and  segmental  arches,  the  voussoirs  are  usually  made 
of  the  same  breadth,  measured  along  the  soffit.  The  joints  of  each 
course  of  voussoirs  between  the  faces  of  the  areh  are  made  continuonSy 
each  of  these  courses  being  termed  a  Sirmg  Covrse  (as  coarse  bacd)^ 
and  their  joints  coMf»m^jointo(aseachof  the  jointB5a,orcfc.)    Theplanes 
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of  the  joints  along  the  soffit  are  not  continnons,  but  break  joint ;  the 
stones  which  correspond  to  two  consecutive  series  of  these  joints  being 
termed  a  Ring  Course  (as  the  ring  of  stones  1,  2, ... ,  10,  as  shown  within 
dark  lines  in  the  fignre,)  and  its  joints  heading  joints  (as  joint  fg  in 
fignre).  By  this  combination  of  the  ring  and  string  courses,  the  fitting 
of  the  blocks,  the  settling  of  the  courses  and  the  bond  are  arranged  in 
the  best  manner.  * 

86fi.  Bond  of  Brick  Arches. — Brick  is  the  material  most  usually 
employed  in  India  for  the  construction  of  arches ;  the  principles  of  con- 
struction are  the  same  both  in  stone  and  brick,  but  in  using  the  former^ 
erery  roussoir  has  to  be  cut  to  an  exact  form,  with  a  depth  proportionate 
to  the  weight  of  the  arch  and  its  superincumbent  load. 

In  brick  arches  also,  the  general  direction  of  each  joint  should  be  per- 
pendicular to  a  tangent  to  the  curve  at  that  joint. 

The  simplest  approximate  method  of  keeping  the  joints  in  their  proper 
direction,  is  by  the  use  of  pieces  of  hard  board  of  1  to  1^  feet  long ;  cut 
out  to  the  curve  of  the  arch  on  their  lower  edge,  whilst  their,  sides  made 
perpendicular  to  this  curve,  show  the  direction  of  the  joints. 

For  elUptical  arches  an  instrument  such  as  that  in  the  figure  annexed 

may  be  used.  An  inextensible 
4ine  fixed  at  the  two  foci,  reach- 
ing the  circumference  and  run- 
ning freely  over  a  peg  fixed  in  the 
centre  of  a  semi-circular  protrac- 
tor, by  the  graduation  on  which, 
the  line  AO  is  drawn,  bisecting  the  angle /A/. 

Another  method  is  to  have  nails  driven  in  at  equal  distances  round 
the  arch  at  the  end  of  the  centres,  and  others  driven  in  at  corresponding 
distances  on  the  chord  ;  by  straining  lines  between  these  two,  their  pro- 
longation will  give  the  direction  of  the  joint  required. 

836.  When  arches  are  built  with  ordinary  rectangular  bricks  laid 
so  that  the  joints  are  continuous  from  the  under  to  the  upper  side  of  the 
arch,  it  is  evident  that  the  bricks,  though  touching  below,  must  diverge 
at  top,  and  the  wide  joint  thus  occasioned  can  be  filled  only  with  mortar, 
whose  resistance  in  large  arches  will  be  insufficient  to  resist  the  pressure 
brought  upon  it ;  or  the  wide  mortar  joints  at  the  top  of  the  arch  or 
extrados  are  filled  in  by  driving  wedges  of  slate  or  other  stone ;  but  these 
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are  liable  to  canse  the  bricka  to  be  broken,  or  to  produce  aneqaat  pres- 
Bure,  whereby  the  regular  setting  of  the  arch  maj  be  distnrbed,  its  figure 
distorted,  and  its  strength  impaired. 

To  obviate  this  inconTeaience,  arches  are  generally  bnilt  in  concentric 
rings  one  brick,  or  half  a  brick,  thick,  each  ring  having  the  lower  edges 
of  its  bricks  touching  each  other ;  thus  no  great  divergence  can  take 
place  in  the  joints,  and  as  each  ring  contains  a  greater  number  of  bricks 
than  the  ring  below  it,  the  arch  is  more  solid. 

This  method  shonld  not  be  nsed  in  arches  of  more  than  SO  feet  span 
as  there  is  danger  of  the  concentric  rings  setting  nneqaally,  when  the 
whole  pressure  might  have  to  he  momentarilj  sustained  b;  a  single  ring, 
which  would  be  liable  to  cmsh  nnder  it,  and  thus  bring  the  pressure  on 
the  next  ring,  which  would  prohablj  give  way  in  a  similar  manner,  and 
the  whole  arch  thus  fail. 

In  small  arches,  the  method  of 
bonding   throngh  the  concentric 
rings,  which  is  shown  in  the  mar- 
ginal figure,  is  both  efiective  and 
simple,  precluding  theneeessitj  of 
extra  mortar  towards  the  extra- 
dos,  and  involving  no  cutting  or 
dressing  of  the  bricks,  an  evil  to 
be  avoided  in  brick-work  wherever 
it  Is  possible. 
Another  plan,  which  may  be  adopted  (except  in  very  flat  segmental 
arches,  in  which  the  length  of  tha 
extradoB    and  intrados    differ   but 
little),  is  to  build  the  arch  in  con- 
\  centric  rings,  separated  at  short  in- 
^teivals  by  blocks  of  brick-work  built 
as  solidly  as  jJOBsible,  either  with 
rectangular  bricks  or  with   bricks 
specially  monlded  with  reference  to 
the  positions  they  are  to  occupy  in 
the  arch. 
In  important  Htmctnres,  however,  aocb  as  bri-lgeB  of  large  span,  it  is 
better  to  employ  the  complete  bond  (as  in  oxdinuy  wall  building)  throogh 
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tiie  whole  depth  of  the  arch,  either  using  bricks  speciftll;  moulded,  or 
carefiilly  cutting  the  ordinary  bricks  to  the  proper  wedge  form. 

In  this  mode  of  boilding,  each  half-arch  may  be  considered  as  a  bent 
wall,  whose  bed  joints 
are  not  exactly  par- 
allel, bat  normal  to 
the    shorter    corred 
side — the  intrados  of 
the  arch. 
Themarginal  sketch 
shows  a  form  of  wedge 
bricks  naed  by  Major 
Forlong,  Bapdg.  En- 
^^  gineer.        A     string 
'  coarse  ofw  edge  bricks 
is  introdnced  at  trae 
calculated    distances 
"'  so  as  to  restore  at 
that  point  the  trae 
radiation  of  the  wedge 
joint ;  the  intermediate  string  conrses  being  lud  with  parallel,  not  radia- 
ting, bed  joint^. 

S67.  Fl^t  Arches  are  need  instead  of  wood  or  stone  lintels  orer 
sqaare-headad  windows  and  doors.  They  are  generally  a  brick  and  ■ 
half  thick,  and  the  bricks  shoald  be  rery  carefully  cot  or  moalded  to 
shape  and  set  in  the  best  mortar.  They  should  always  have  semi-circalax 
or  segmental  discharging  arches  over  them  (««  Flatt  XLVII). 

868.  A  Bampant  Arch  is  one  whose  springings  are  on  different 
levels.  As  one  impost  joint  mast  be  oblique  to  the  horizon,  care  mast 
he  taken,  if  this  obliquity  be  not  less  than  the  angle  of  friction  of  the 
stone  ased,  either  to  cut  the  impost  into  steps,  or  else  to  ase  some  anit- 
able  bond  or  metal  cramps  and  bolts  to  prevent  disjunction  between  tha 
arch  and  abatment. 

369.  Inverted  Arches  or  Inverts  are  discharging  arches  which  ars 
built  voder  openings — their  use  being  to  distribate  the  superincnmbent 
weight  equally  orer  the  snbetructure,  oi  along  the  foundation,  as  tha 
case  may  be.    Atchei  of  two  half-brioki  are  sofBdent  for  ordinary  par- 
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poses ;  in  l9Xge  and  heary  worker  arcbes  of  tiivee  half-bricks,  and  evte^ 
greater,  maj  be  jucj^ed  necessary.  Any  avc  between  a  qnadrant  and  • 
aemi-«ircle  may  be  used  with  advantage :  but«n  arc  of  less  tiian  45^  can- 
not be  recommended  for  tbe  inyerted  discharging  arch  under  piers.  If 
it  ahonld  so  happen  that  an  old  well  or  cess-pool,  that  cannot  without 
^reat  inconveniemce  and  expense  be  filled  up  with  sound  walling,  or  in 
iBome  other  efficient  manner,  or  other  irremediably  bad  place,  occur  in  a 
tfounflation,  and  fall  under  a  pier,  the  ground  being  sound  on  either  side 
of  it,  a  second  discbarging  arch  may  be  formed  under  the  pier  and  orer 
(fk»  mnflound  parit.  Testing  its  legs  on,  or  springing  from,  the  inverted 
•arch  milder  Che  o$>emng,  and  on  the  sound  ground. 

Plate  XLVIL  shows  an  elevation  and  plan  of  part  of  the  wall  sur- 
joundizi^  one^  the  great  London  Prisons,  which  was  built  upon  ground 
•over  wbioh  was  deposited  artificial  soil,  varying  from  20  to  6  feet  deep. 
By  the  ufle  of  buittvesses  and  inverts,  as  shown,  a  great  economy  of  con- 
«tfmctfton  was  obtained. 

A70«  Undergnnuid  Arches,  Tunnels,  Oalverts.— If  the  depth  of  a 
baried  arehway,  eiich  as  a  tunnel  or  culvert,  beneath  the  surface  of  the 
^^und,  is  great  compared  with  the  height  of  the  archway,  the  proper 
form  for  the  line  oi  pressures,  which  must  be  within  the  middle  third  of 
tbe  thkiaiess  of  the  arch,  is  jui  Elliptic  linear  ewch,  in  which  the  rati/O  of 
the  horizontal  to  the  vertical  semi-axis  is  the  square  root  of  the  mOo^ 
th#  horiipntal  to  the  vertical  pressure  of  the  earth ;  that  ia  to  saji 
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^  being  the  angle  of  repose. 

If  the  earth  is  firm,  and  little  liable  to  be  disturbed,  tbe  proportion  of 
the  half-span  (or  horizontal  semi-axis)  to  the  rise  (or  vertical  semi-axis) 
may  be  made  greater  than  is  given  by  the  preceding  equation^  and  the 
earth  will  still  resist  the  additional  horizontal  thrust ;  but  that  propor- 
tion should  never  be  made  leas  than  the  value  given  by  the  equationi  or 
the  side  of  the  archway  will  be  in  danger  of  being  forced  inwards. 

In  a  drainage  tunnel  or  culvert,  the  entire  ellipse  may  be  used  as  the 
figure  of  the  arch ;  but  in  a  railway  tunnel,  where  it  is  necessary  to  have 
a  flat  floor,  tbe  sides  and  roof  of  the  tunnel  comprise  in  height  the  upper 
two*thirdB,  or  three-fourthsi  of  the  ellipsei  which  is  dosed  below  by  a 
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ciroBlflir  iegsa^ntal  Inyerted  arch  of  alight  cnryatnre^  its  depiession  be^ 
ing  (Hie-dght  of  its  span,  or  th^Teabouts.  fiy  tliis  modo  of  constructioii 
the  vertical  pre8Biu:e  of  the  sides  of  the  tannel  is  concentrated  upon 
fbnndation  courses,  directly  below  them,  from  which  they  spring.  The 
ratio  which  the  entire  width  of  the  tnnnel,  measured  outside  the  mason- 
ry or  bvickwovk,  bears  to  the  joint  width  of  that  pair  of  foundations, 
nKut  not  exceed  the  limit  of  the  ratio  of  the  weight  of  a  building  to  the 
weight  of  earth  displaced  by  it.  The  inyerted  aroh  serves  to  prevent 
the  foundations  of  the  sides  of  the  tunnel  from  being  foreed  inwards  by 
the  horizontal  pressure  of  the  earth. 

The  exact  form  for  the  line  of  presauve  in  the  sides  and  roof  of  a  tunnel 
is  the  g$o8tatio  opck.  This  principle  rec^oires  attention,  when  the  roof  of 
the  tunnel  is  near  the  surface.  Let  Xo  be  the  depth  ot  the  crown  oi  the 
tmunel,  and  X,  that  of  ita  greatest  horizontal  diameter,  beneath  the  sur- 
face. From  those  ordinates  as  data,  design  a  hydrogtatic  arch;  contract 
the  horizontal  ordmates  of  that  arch  in  the  ratio  c  :  1  (see  equation  \)i 
and  the  result  wilt  be  the  figure  of  the  geostatio  arch  requirecL 

The  greatest  intensity  of  pressure  In  a  buried  archway  oecora  usually 
in  its  sides,  at  the  ends  of  the  shorter  dianetev  of  the  oval  intrados ;  and 
that  intensity  is  given  approxanately  by  the  following  equation.  Let, 
X,  be  the  depth  of  the  shorter  diameter  bekvw  the  surface  of  ground,  6^ 
the  half-span  of  the  archway,  «'  its  rise,  t  the  thickness  of  its  side,  k^ 
the  weight  of  a  cubic  foot  of  the  earth ;  then  the  greatest  pareesura  v^ 
tt«.  on  the  sqaatefoot^  ia 

9^--^ j^ ^ ..(2), 

and  this  should  not  exceed  the  resistance  of  the  material  to  crushing, 
cHvided  by  a  proper  factor  of  safety. 

It  appears  that  in  the  brickwork  of  various  existing  tunnels,  the  factor 
of  safety  is  as  low  as^^ncr.  This  is  sufficient,  because  of  the  steadiness 
of  the  load ;  but  In  buried  archways  exposed  to  shocks,  like  those  of 
culverts  under  high  embankmentSi  the  factor  of  safety  should  be  great- 
er; say  firom  eight  to  tsfi^ 

How  small  soever  the  load  may  be,  tiiera  Is  a  certain  minimum  thick* 
ness  for  an  underground  ardiway,  for  detennining^  which  the  following 
empirical  rule  (exactly  mailar  to  that  for  finding  the  depth  of  the  key*- 
atone  of  m  «fch)  has  been  deduced  flon^  paotieaL  examjilsa.    Xha  fist 
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and  half-span  being  denoted  as  before  by  a'  and  h\  oompnte  approxi- 
mately the  longest  radius  of  curvature  of  the  intrados  by  the  formula 

»•  =  T W- 

then 

least  thickness  t  in  feet  =  VoTFr, ..•••••••••  (4). 

This  is  applicable  where  the  ground  is  of  the  firmest  and  safest  kind. 
In  soft  and  slippery  materials,  the  thickness  ranges  from  once  and  a  half 
to  double  that  given  by  equation  4;  that  is  to  say, 

from  Volfr  to  a/O'48  r, • (4a). 

The  thickness  of  an  underground  arch  at  the  crown  may  be  made 
less  than  at  the  sides  in  the  ratio  b'  :a'  ]  but  the  more  common  practice 
is  to  make  it  uniform. 

871  Oblique  Arches. — In  the  arches  that  have  been  hitherto  des- 
cribed, the  plan  is  rectangular,  the  faces  of  the  abutments  being  perpen- 
dicular to  the  front  of  the  arch,  and  each  course  of  masonry  is  laid  paral- 
lel to  the  abutments.  In  a  skew  or  oblique  arch,  it  is  not  possible  to  lay 
the  courses  parallel  to  the  abutments,  for,  were  this  done,  the  thrust  being 
at  right-angles  to  the  direction  of  the  courses,  there  would  be  a  great  por- 
tion of  the  arch  on  each  side  that  would  have  nothing  to  keep  it  from 
falling.  In  order  to  obviate  this,  the  courses  must  bo  laid  at  right^angles 
to  the  faces  of  the  arch,  and  at  an  angle  with  the  abutment,  and  this  it  is 
which  produces  the  peculiarity  of  the  skew  arch.  When  such  arches  are 
built  of  stone,  much  nicety  is  required  in  shaping  the  voussoirs,  but  with 
brick  they  may  be  built  with  nearly  as  much  facility  as  ordinary  arches. 
The  difficulties  attending  the  construction  of  oblique  arches,  have  been 

avoided  by  indenting  the  face  of  the 

y^ /^       abutments,  and  building  the  arch 

fgZ:rrr--.^'-~^  in  cylmdncal  rmgs  {see  marginal 

^fe^::f---^Sl-^r=r.^^^^l^-  cut),  but  tliis,  though  successfully 

^^  executed  m  several  bridges  over 

^  Bailways  in  Europe,  is  manifestly 

a  make-shift ;  the  extrados  is  irregular,  and  there  can  be  no  thorough. 

bonding  of  the  ribs  composing  the  arch. 

872.  Preparatory  to  the  execution  of  a  skew  arch,  a  large  drawing 
of  the  soffit  must  be  prepared,  showing  the  exact  figure  and  position  of 
fvery  aroh-stoQe.    That  drawing  represents  the  curved  surface  of  the 
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Boffit  as  if  it  were  spread  out  flat,  and  is  called  the  *^  developmmt**  of  that 
cnrred  surface.  In  general  it  is  sufficient  to  draw  one-half  of  the  soffit^ 
the  other  half  being  similar.  The  following  are  the  processes  by  which 
that  drawing  is  prepared  : — 

L    To  draw  the  development  of  the  soffit,  and  of  its  vertical  sections  on, 
the  skew.'^Ia  Fig,  1;  No.  2  represents  a  plan  of  one-half  of  the  arch, 

Fig.  1. 


No.l. 


HAK  being  the  crown  of  the  soffit,  and  IBL  the  face  of  the  onto  of  the 
abutments.  The  line  ACB  represents  the  position  of  a  vertical  section 
on  the  skew,  and  AED,  perpendicular  to  HE,  that  of  a  vertical  section  on. 
the  square ;  BAD  being  the  angle  of  obliquity. 

Assume  any  conyenient  number  of  points  in  HI,  through  which  draw 
a  set  of  lines  (such  as  EGEO)  parallel  to  HK,  and  also  a  set  of  lines 
perpendicular  to  HI.  Draw  OB  parallel  to  HI,  cutting  these  lines ;  and 
on  OB  as  half- span,  construct  the  vertical  section  of  the  arch  on  the  skew, 
represented  by  No.  1,  in  which  ACB  is  the  line  on  the  soffit  correspond- 
ing to  ACB  in  No.  2. 

Construct  the  vertical  section  on  the  square,  (No.  8,)  by  drawing  OD  paral- 
lel to  AD  to  represent  the  half-span  on  the  square,  and  transferring  the  ordi- 
nates  of  No.  1  to  the  corresponding  points  in  No.  8 ;  for  example,  FC  to  QE. 

Then  construct  the  development  No.  4  in  the  following  manner  :— * 
Produce  the  centre  line  of  the  soffit,  HAEAOHAE.  From  any  con- 
venient point  A,  (No,  4,)  draw  AED  perpendicular  to  HE,  in  which 
take  distances  AE,  AD,  &c.,  &c.,  equal  in  length  to  the  arcs  AE,  AD, 
&c.,  which  are  cut  off  on  the  curve  AED,  (No.  8,)  by  its  several  ordi- 
nates.  Then  will  tbe  straight  line  AED,  (No.  4,)  be  the  development 
of  the  section  on  the  square,  AED,  (Nos.  2  and  8).  Through  the  points 
of  division  of  AED,  (No.  4,)  draw  lines  parallel  to  HE,  such  as  EO, 
IDBL,  &c.,  on  which  lay  off  ordinates,  such  as  EC,  DB,  &c.,  equal, 
respectively,  to  the  corresponding  ordinates,  EC,  DB,  &c.,  in  the  plan, 
(No.  %)  and  through  the  ends  of  those  ordinates  draw  a  onrve  AGB^ 
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(ViK  4);  Aitwilt  be  the  ftvelopmenfr  of  the  Terttdftl  leetton  on  iheit$i0f 
ACB  (NV>s.  1  and  i). 

Drew  also  the  onrre^  HI^  EL  paraUel,  sim^ary  and  eq«al  to  ACB, 
and  at  distances  from  it  on  either  side,  HA,  equal  to  AK,  of  half  the 
fength  of  the  archway.  Then  IHEL  will  be  the  derelopment  of  half  the 
ioffil  Draw  IM  snd  LN  perpendicnlar  to  IL ;  then  MILN  will  be  the 
development  of  part  of  the  face  of  an  abutment.  Draw  also  any  conveni- 
ent number  of  intennediate  curves,  such  as  those  shown  by  dots,  parallel, 
similar,  and  eqwd  to  ACB,  to  represent  the  development  of  several 
parallel  skew  vertical  sections  of  the  sofBt,  and  to  indicate,  at  the  same 
time,  the  direction  of  the  thrust  at  each  point  which  they  traverse.  These 
may  be  called  "  curves  of  pressure.** 

II.  To  draw  on  the  development  of  the  soffit,  the  bed-joints  and  side- 
JgmtS'  of  true  ceot«ea.--*The  bed^jcsnjis  are  drawn  by  sicetehing  with  the> 
free  hand  a  series  of  cutvesy  cutting  all  the  curves  of  pressure  at  ^ht 
angles,  and  eslled  the  orthogonal  trajeetories  of  tbs  curves  of  pressure. 
The  side-joints,  being  perpendicular  to  the  bed-joints,  are  paits  of  curves 
of  pvessnure  tbemselvea  (Fig^  2).  The  coursee  become  thinner  towards 
Fig,  2.  '  the  acute  angle  of  the  abutment,  and  thicker  towaords- 
the  obtuse  angle,  so  that  it  may  be  sometimes  advis- 
able to  introduce  intermediate  bed-joints  near  the 
obtuse  angle,  an  shown  at  O,  P,.  in  Fig.  2.  In  the 
diagrams,  the  arch  springs  vertically  from  the  abut- 
OMUts,  so  that  none  of  the  bed-joints  intersect  the  line 
of  springing^  IL,  to  ^diich  they  are  all  asymptotes*  Bad  the  arch  been 
S^mentat,  sodm  of  the  bed^ joints  would  have  imterseeted  that  line 
obliquely,  making  necessary  the  use  of  skew-backs  of  the  kind  riKxwn 
ia  Fig.  8,  but  not  so  oblique^ 

Aa  the  joints  shewn  in  Fig.  2,  are  difficult  to  execute,  spiral-joints 
Fiff»  8*  are  uaed  ia  practice  as  an  approximation, 

III.  To  draw  on  th^  devehpment  of  tho  SiBffit^  ih0 
bed'jomts  and  sido'joints  of  spiral  e&urses. — On  the 
development  of  the  soffit,  draw  a  seriee  of  parallel 
equidistant  straight  Knes,  perpendieular  to  the  diree*^ 
tion  of  the  thrust  at  the  erewn  of  the  arch ;  these  will 
represent  the  bed-joints,  and  the  side -joints  will  be 
feqpendiovhur  t» tbeai^    Between  I  a»d  I^are  showa the- •<!•»  iashe^  e? 


m 

uUmm  irhiA  connect  tbe  «Iaatuig  eotrseg  of  tiid  aroh  "mOk  tte  horiKmtal 
ooartee  of  ihe  «biitBMBt» 

S7S.  In  tke  skew  arch,  the  flbtttmeate  ftf  e  not  anifoniily  loaded,  and 
tbeir  thickiMBs  sbonld  therefore  be  jsmtabl  j  Mgolvted ;  the  tkmst  too  be- 
ing leM  regular  tfaan  ib  a  common  arch,  it  is  vtili  more  ieoipoirlatit  tbat 
in  eaob  arches  the  ceateriiige  be  taken  down  before  the  aioftar  ie  set,  eo 
that  inequalities  of  pressure  majjr  be  distribtited  among  all  the  mortar 
joints  and  sabseqneat  cracks  be  aroided. 

The  centerings  for  skew  arches  can  be  made  as  for  oidiatry  at«hes| 
and  for  small  arches  of  this  description  the  spiral  joints  can  be  marked 
in  the  following  manner. 

Haringmade  theoentering  in  the  roagh  waynsnalin  India,  and  moulded 
the  top  of  it  with  n[ad  and  sand,  proTide  a  plank  with  properl j  squared 
ends  as  long  as  the  intrados  of  the  arch,  about  9  inches  wide,  and  tery 
thin  and  flexible.  Lay  this  plank  on  the  edge  of  the  centering  mould 
with  one  of  its  edges  coinoiding  with  the  face  of  the  arch,  making  its  sur* 
face  touch  everywhere*  The  long  edges  of  the  plank  will  indicate  the  lines 
of  the  string  courses,  and  the  short  ends  at  right  angles  will  show  the 
form  of  the  toothings  to  be  built  on  the  edge  of  the  abutment.  By  moT<- 
ing  the  plank  equal  spaces,  and  rulmg  along  its  edge,  paiallel  lines  may  be 
drawn  on  the  mould,  at  the  haIf-1»iok  width,  whach  will  show  the  woirkmen 
the  bonding  of  erery  oomrse.  The  bricks  in  oblique  af  chea  radiate  ee  itt 
direct  arches,  and  are  set  at  right  angles  to  the  earve  in  the  same  way. 

874.  SomeStf— The  stone  dome  is  a  roof  either  hemispherical  or  of 
any  other  curve,  constructed  to  cover  a  circular,  elliptical,  or  polygenal 
area,  and  in  all  cases  its  wall  of  support  should  be  of  great  strengfli. 
When  the  plan  is  circular,  the  basanent  and  drum  on  which  the  dome 
rests  should  be  built  of  massive  masonry  in  horiaontal  courses,  the  course 
ing  joints  of  the  superstructure  forming  the  hemisphere,  which  is  hdlow, 
being  also  horizontal ;  th^r  bed  joints  are  the  surfaces  of  right  pyramids, 
having  one  common  vertex  in  the  centre  of  the  hemispheric  surface,  and 
also  one  common  axis,  so  that  the  conic  surfaces  will  terminate  upon  the 
spheric  surface  in  horizontal  dreles.  In  further  elacidatioii  of  the  eab- 
jeet,  we  may  state,  the  joints  between  any  two  stones  of  any  course  are  in 
verticil  planes  passing  through  the  centre  of  tiie  spheric  surface,  and  con- 
sequently  they  will  intersect  each  other  in  one  coamion  vertical  $traiffht  line, 
passing  through  the  spheric  surface  ttom  the  base  of  the  dome  to  its  Upas. 
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The  lin^  in  wlii<^  all  tlie  planes  that  pass  throngli  the  Tertical  joints 
intersect,  is  called  the  aans  of  the  dome.  The  circnmference  of  the  hori- 
zontal circle,  which  passes  through  the  centre  of  the  spheric  surface,  is 
called  the  equatorial  circumference,  and  any  portion  of  this  cnnre  is  called 
an  equatorial  arc.  The  circumferences  of  all  the  courses  of  stones  above 
the  base  or  springing-line  of  the  dome,  which  are  parallel  to  the  equatorial 
circle,  are  called  parallels  of  altitude.  The  intersection  of  the  axis  and  the 
spheric  surface  is  called  the  pole  of  the  dome.  The  arcs,  between  the  pole 
and  the  base  of  the  dome,  of  the  circles  formed  on  the  curved  surface  by 
planes  which  pass  along  the  axis,  are  called  the  meridianSy  and  any  por- 
tions of  these  meridians  are  called  meridional  arcs.  The  conical  surfaces' 
of  the  coursing  joints  terminate  upon  the  hemispheric  surface  of  the 
dome  in  parallels  of  altitude,  and  the  surfaces  of  the  vertical  joints 
terminate  in  the  meridional  arcs. 

Hence,  in  domes  where  the  extrados  and  intrados  are  obtained  by 
concentric  hemispherical  surfaces,  two  apparent  sides  of  each  stone,  con- 
tained between  two  meridional  arcs  and  the  arcs  of  two  parallel  circles, 
are  spheric  rectangles,  the  two  sides,  forming  their  vertical  joints,  being 
two  equal  and  similar  frusta  of  circular  sectors;  and  the  other  two  sides, 
forming  the  beds  of  the  stones,  are  frusta  of  conic  surfaces. 

It  is  universally  admitted,  by  those  who  have  paid  attention  to  the 
forms  of  domes,  that  the  strictly  semi-circular  sectional  shape  is  wanting 
in  grace  and  that  imposing  effect  of  altitude  and  dignity  so  eminently 
conducive  to  grandeur  of  result,  and  more  particularly  for  its  strength. 
The  upper  part  of  a  semi-circular  dome  presenting  a  surface  for  some 
extent  comparatively  flat,  does  not  offer  the  advantages  for  equalising 
the  pressure  around  its  centre  and  some  distance  down  towards  its 
springing,  as  a  dome  worked  from  two  centres.  In  illustration  of  this, 
we  refer  our  readers  to  the  Plate,  No.  XLVIIL,  in  which  it  will  be 
observed,  that  satisfactory  effects  may  be  produced  by  using  the  most 
simple  means  with  the  greatest  facility,  by  adopting  the  parabolic  or 
catenarian  forms,  such  as  were  employed  at  St.  Peter's,  at  Bome ;  the 
Pantheon,  Paris ;  and  St.  Paul's  Cathedral,  London. 

In  producing  the  peculiar  form  of  dome,  as  shown.  Fig,  1,  divide  the 
internal  base  line  AB  into  7  equal  parts,  then  erect  the  perpendicular 
line  DCE  at  right-angles  to  it,  and  from  the  centre  D  describe  the  semi- 
drole  AOB|  as  shown  by  the  dotted  line,  which  in  contrast  with  the 
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line  of  the  outer  dome,  as  displayed  at  1,  2,  8,  4,  &c.,  proTes  the 
inferiority  of  the  purely  semi-circular  form. 

To  find  the  cdntre  for  describiug  the  outer  curre  of  the  dome,  at  the 
diyision  6  of  the  base  line  AB,  make  the  line  6G  at  right  angles  to  it, 
and  equal  to  one-fourth  of  one  of  the  divisions  Al— 1,  2,  &c.,  "when  the 
point  Q  gives  the  centre  from  whence  the  outer  curve  is  drawn,  and  also 
is  the  centre  from  which  all  the  joints  must  radiate  that  form  the  outer 
crust  of  the  dome.  F  is  the  cornice  at  the  springing  of  the  dome,  and 
below  it  is  a  portion  of  what  is  techinoally  called  the  drum  or  tambour  of 
the  structure.  It  is  most  desirable  to  give  to  the  base  of  the  dome  a 
portion  of  the  vertical  above  the  cornice,  to  compensate  for  a  part  of  the 
fore-shortening  in  perspective,  caused  by  the  projection  of  the  cornice,  and 
prevent  that  appearance  of  the  curve  having  been  described  much  below 
the  uppermost  line  of  the  cornice. 

Ftg,  2  is  the  half  plan  of  the  dome,  taken  through  the  lantern,  with  its 
cornice  and  tambour,  showing  all  the  horizontal  and  vertical  joints  of  the 
work.  Itls  scarcely  necessary  to  observe,  as  will  be  seen,  that  the  whole 
of  the  vertical  joints  must  tend  accurately  to  the  centre  O. 

Fig,  8  exhibits  the  elevation  of  a  dome  in  perspective,  on  which  the 
two  usual  modes  of  construction  are  illustrated.  The  left  side  is  formed  in 
horizontal  courses,  and  the  right  by  means  of  stone  ribs,  filled  in  between 
with  rubble-work  or  concrete,  the  latter  mode,  having  been  adopted  in 
the  building  of  the  Pantheon,  at  Rome.  XXXXXX  is  the  equatorial 
line  of  the  dome ;  the  lines  dd,  ee,  j^and  gg^  <&o.,  are  the  parallels  of 
altitude. 

Fig.  4  illustrates  the  form  of  the  stones  required  in  the  construction 
of  a  dome  of  this  description.  Bl  shows  the  shape  of  the  stone  in 
perspective,  after  having  been  hewn  from  the  rough  block.  B8,  is  the 
plan  of  the  stone  at  its  lower  bed,  and  B2  is  its  end  elevation.  It  has 
been  already  observed,  that  the  whole  of  such  stones  are  spherical  rectan- 
gles, the  extrados,  or  upper  surfaces,  of  which,  are  of  course  convex,  and 
their  intrados,  or  under  surface  concave.  In  the  sectional  cut  through 
the  dome,  at  o,  n,  m,  I,  k  and  A,  the  ends  of  the  stones  are  seen  in  per- 
Bpectivci  and  at  D  is  shown  a  void  or  opening  at  the  top,  with  the  base 
for  a  lantern. 

376.  Constructively  considered,  it  must  be  borne  in  mind  that  the 
stability  of  a  dome  depends  upon  the  proper  application  and  action  of  a 
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very  different  principle,  from  that  which  operates  in  the  case  of  the 
ordinary  arch ;  and,  as  a  general  rule,  being  correctly  built  with  reference 
to  such  different  and  peculiar  principle,  its  relative  security  and  power 
is  greater  and  more  extended.  The  dome  also  differs  in  another  im- 
portant point,  namely,  it  may  be  left  unperfected,  or  open  at  the  apex  or 
top,  as  represented  in  the  Plate  just  referred  to.  This  is  owing  to  the 
eeyeral  joints  of  the  masonry  being  formed  to  tend  equally  in  eyery  part 
to  the  centre  of  the  hemisphere  as  a  common  centre.  In  an  arch  of 
equilibrium,  therefore,  such  as  the  dome  essentially  is,  the  open  apex  or 
unclosed  top,  may  exist  without  prejudice  to  its  power  of  sustaining  any 
minor  or  superincumbent  structure,  (such  as  the  usual  feature  of  a  lantern 
before-mentioned,)  the  weight  of  which  shall  not  exceed  that  of  the 
crowning  circular  segment  of  the  dome  which  is  omitted.  A  load  greater 
than  this  would  so  act  as  to  dislodge  the  upper  portion  of  the  dome, 
by  causing  an  upward  spring  or  tendency  in  some  of  the  courses  near 
the  opening. 

S76.  If  a  dome  rises  nearly  vertical  with  its  form  spherical,  and  of 
equal  thickness,  it  should  be  confined  by  a  chain  or  hoop,  as  soon  as  the 
rise  reaches  to  about  ^ths  of  the  whole  diameter,  in  order  that  the  lower 
parts  may  not  be  forced  out ;  but  if  the  masonry  be  diminished  in  thickness 
as  it  rises,  this  precaution  will  not  be  necessary. 

Where  the  weight  of  a  dome  is  equally  distributed  over  the  area,  then 
the  curve  of  equilibrium  is  a  cubic  parabola,  and  if  ^th  of  the  weight 
supported  be  multiplied  by  the  diameter,  and  the  result  divided  by  the 
rise,  the  quotient  is  the  horizontal  thrust  tending  to  separate  and  over-set 
the  supporting  wall. 

When  the  weight  increases  from  the  centre  to  the  circumference 
in  proportion  to  the  distance  from  the  centre,  then  the  curve  is  a  bi- 
quadrate  parabola,  |th  of  the  weight  should  be  taken  instead  of  ^th. 

The  horizontal  thrust  of  the  dome  will  be  wholly  counteracted  by  a 
resistance  to  tension  in  the  circle,  equivalent  everywhere  to  ^th  the 
horizontal  thrust :  and  when  this  strain  is  amply  provided  for,  either 
by  the  bond  and  substance  of  the  walls  at  the  springing,  or  by  chains  of 
iron,  the  dome  will  be  secure  at  whatever  height  from  the  ground  it  may 
spring,  if  the  vertical  walls  or  pillars  be  suf&ciently  strong  to  resist  the 
weight  upon  them. 

377.    Vaulting  is  an  application  of  the  arch  principle  to  a  lengthen- 
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ed  area ;  a  wndt  being  an  arched  coyering  of  greater  or  less  continuance 
spanning  a  more  or  less  extended  space. 

A  cylindrical  yaalt  is  simply  a  semi-circular  arch,  the  ends  of  which 
are  closed  by  upright  walls,  as  shown  in  Fig,  1.  When  a  vault  springs 
from  all  the  sides  of  its  plan,  as  in  Fig.  2,  it  is  said  to  be  coved.     When 

Fig.  1.  Fig.  2.  Fig.  3.  Fig.  4. 
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two  cylindrical  yaults  intersect  each  other,  as  in  Fig.  8,  the  intersections 
of  the  vaulting  surfaces  are  called  groins,  and  the  vault  is  said  to  be 
groined. 

In  the  Boman  style  of  architecture,  and  in  all  common  vautling,  the 
vaulting  surfaces  of  the  seveAl  compartments  are  portions  of  a  con- 
tinuous cylindrical  surface,  and  the  profile  of  a  groin  is  simply  an  oblique 
section  of  a  semi-cylinder. 

Gothic  ribbed  vaulting  is,  however,  constructed  on-  a  totally  different 
principle.  It  consists  of  a  frame-work  of  light  stone  ribs  supporting 
thin  panels,  whence  this  mode  of  construction  has  obtained  the  name  of 
rib  and  panel  vaulting.  The  curvature  of  the  diagonal  ribs  or  cross 
springers,  and  of  the  intermediate  ribs)  is  not  governed  in  any  way  by 
the  form  of  the  transverse  section  of  the  vault,  and  in  this  consists  the 
peculiarity  of  ribbed  vaulting.  This  will  be  understood  by  a  comparison 
of  Figs.  8  and  4. 

In  Roman  vaulting  when  the  diameters  of  the  intersecting  circular 
cylinders  are  unequal,  the  vault  is  called  by  workmen  a  Welsh  groin. 

878.  Principles  of  Brick-vaulting, — It  is  beyond  the  province  of  this 
work  to  describe  in  detail  the  mode  of  construction  of  the  numerous  and 
varied  kinds  of  ribbed  vaulting  adopted  in  different  countries  and  ages  : 
and  which  adorn  the  Cathedrals  of  England  and  Europe. 

The  principal  mediaeval  forms  were  the  "  Plain  ribbed,"  the  "  Lieme  " 
and  the  "  Fan  "  vaults :  differing  much  from  one  another  in  architec- 
tural design  and  mechanical  construction.  Ribbed  vaulting  subsequently 
fell  into  disuse  and  the  principle  of  solid  vaulting  with  elliptic  groins 
was  renewed. 
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In  Plaii  XLIX.,  Fig.  1  exhibits  tho  plan  of  a  common  rectan^lar 
groin,  the  shadowed  parts  being  the  horizontal  sections  of  the  piers,  and 
the  diagonal  lines  the  plans  of  the  groins  or  angles ;  Fig,  2  exhibits  an 
eleyation  or  right  section  through  the  principal  arch  of  the  groined  severy,* 
and  lig.  3  an  eleyation  or  right  section  of  two  of  the  transept  arches. 
Fig,  4.  exhibits  the  intrados  of  one  of  the  transept  arches  extended  upon 
a  plane ;  and  Fig.  5  exhibits  the  intrados  of  the  two  opposite  parts  of  one 
of  the  principal  arches. 

In  order  to  trace  the  forms  of  the  ribs  of  a  common  cylindrical  groin 
npon  a  rectangular  plan,  let  AB,  Fig.  1,  be  the  base  of  one  of  tran- 
sept arches,  at  right  angles  to  the  axis  of  the  opening,  and  let  Abe  ...  B  be 
the  section  of  the  intrados  of  that  arch,  being  a  semi-circle,  of  which  the 
diameter  AB  is  the  base  of  the  arch.  In  the  section  of  the  intrados  of 
the  semi-circular  arc  of  the  transept,  which  is  the  given  section,  take  any 
number  of  points,  a,  b,  c,  &c.,  and  from  the  points  a,  fr,  c,  <&c.y  draw  the 
straight  lines  bh,  dk,  ci,  &c.,  to  meet  the  base  AB.  From  the  points  A, 
t,  ib,  &c.,  in  the  base  line,  AB,  of  the  given  rib,  draw  straight  lines  hh\ 
m,  kJSf  <&c.,  parallel  to  the  axis  of  the  cylindrical  surfaces  of  the  transept 
arches  that  is  perpendicular  to  AB,  and  from  the  points  h',  i\  h'y  &c,,  in 
the  plan,  CD,  of  the  diagonal  rib,  draw  the  straight  lines  hfb'.  He',  k'd!, 
&c.,  perpendicular  to  CD,  as  ordinates.  Make  the  ordinates,  h'b%  Tc', 
k'd'f  &c.,  successively  equal  to  the  ordinates  A(,  ic,  kd,  &c.,  of  the  semi- 
circular arc  of  the  right  section,  .and  from  the  point  C,  and  through  the 
points  Vj  c\  d'y  &c.,  draw  the  curve  Qb'c'd' ...  ^',  and  C  ...  ti* ...  ^'  is  the 
curve  of  the  groin  line  over  CD.  Let  Qn"  be  half  the  base  of  the  rib  over 
the  principal  opening ;  then,  in  order  to  draw  the  section  of  the  intrados 
of  the  half-rib  over  Gn",  draw  the  straight  lines,  WW,  t'i",  k'k",  &c., 
parallel  to  the  axis  of  the  principal  yault,  and  from  the  points  h!*,  t*,  k", 
&c.,  in  the  half  base  Cn",  draw  the  straight  lines  Vb'\  i^c",  Vd",  &c., 
perpendicular  to  Gn'^,  as  indefinite  ordinates.  Make  li^b",  i*c",  k^d'^ 
&c.,  respectively,  equal  to  hb,  ic;  kd,  &c.,  of  the  semi-circular  arch,  and 
from  the  point  G,  and  through  the  points  i"c*<r...  g'^  draw  the  curve  G 
...  d^  •••  g^'y  which  will  be  the  section  of  the  intrados  of  the  principal 
arch. 

879«  For  vaults  and  all  other  unloaded  arches,  it  is  found  that  with 
similar  span  and  height,  Gothic  arches  of  two  segments  haye  the  least 
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ilirnst  on  their  abntments  or  tendencj  to  Bpread,  whilst  nearly  aril  the  large 
semi-circular  or  elliptical  domes  that  haye  been  bnilt,  hare  shown  signs 
of  fracture  by  the  bulging  out  of  their  haunches ,  proying  that  these  required 
loading  or  other  expedients  to  meet  the  thrust.  The  usual  remedy  has 
been  (as  already  mentioned)  passing  a  chain  round  the  dome  at  a  distance 
of  about  one-third  of  its  height  from  the  plane  it  springs  from.  In  a 
Gothic  yault  on  tlie  contrary,  especially  if  much  pointed,  the  tendency 
to  break  up  is  by  the  rising  of  the  crown  and  the  falling  in  of  the 
haunches ;  to  preyent  this,  the  cross  springers  of  the  ribbed  vaults  of  the 
middle  ages  were  often  made  semi-circular  at  the  yertex,  and  heayy  stone 
bosses,  or  pendents  used  to  conceal  this  change  of  form  and  to  correct 
by  their  weight  the  tendency  alluded  to. 

The  best  form  of  Gothic  yault  is  formed  by  the  meeting  of  two 
parabolas,  whose  yeriices  are  at  the  springing  point  of  the  rault,  whilst 
the  ridge  of  the  roof  is  formed  by  the  intersection  of  the  curyes ;  for 
unloaded  arches,  the  common  parabola  whose  equation  is  y^  =.  mx  will 
serye;  for  loaded  ones,  the  cubic  parabola^  =  mx  will  generally  prove 
nearer  the  true  arc  of  equilibrium ;  and  these  curyes  being  easy  of  construc- 
tion and  pleasing  to  the  eye,  should  therefore  be  chosen  for  roof  yaults. 

880.  A  building  intended  to  haye  a  yaulted  roof,  requires  that  the 
greatest  attention  should  be  paid  to  every  part  of  its  construction ;  to 
ensure  stability,  eyery  precaution  must  be  taken  to  prevent  the  masonry 
from  sinking,  and  the  walls  from  being  thrust  out  of  their  vertical 
position ;  the  principal  points  to  be  attended  to  are,  secure  foundations, 
good  buttresses,  or  porches  judiciously  placed,  and  inverted  arches  under 
the  openings. 

The  thickness  of  the  walls  must  depend  on  the  weight  and  thrust 
of  the  vault,  which  last  depends,  principally  on  the  relation  which  the 
height  bears  to  the  span  :  they  should  be  very  "carefully  built,  both 
materials  and  workmanship  being  the  best  procurable.  The  mortar  in 
them  should  be  throughly  set  before  beginning  the  vaulted  roof  they 
are  to  carry  ;  and  as  it  is  usual  to  raise  the  floor  of  a  building  2  or  3 
feet,  advantage  may  be  taken  of  the  steps  required  to  such  buildings 
to  convert  them  into  low  buttresses,  by  building  them  with  the  founda- 
tion, and  plinth :  this  will  add  to  the  width  of  the  base,  and  impart 
more  stability  to  the  walls.  The  floor  should  not  be  laid  until  the 
building  has  settled. 
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For  the  vaulU  none  bnt  the  best  and  hardett  bricks  Bbould  be  nsed, 
the  joints  should  be  as  fine  as  possible,  and  cemented  with  hydraulic 
mortar  very  thoroughly  ground. 

In  vaults  not  intended  to  bear  any  great  extra  weight,  the  mortar 
should  be  allowed  to  set  thoroughly  before  the  remoyal  of  the  center- 
ing, especially  as  from  their  thinness  and  exposure  to  the  atmosphere, 
it  will  be  difficult  to  prevent  the  joints  from  setting  partially  before 
the  yault  is  completed,  and  this  partial  setting  would  probably  be  the 
cause  of  cracks  in  the  ya^lt  from  unequal  resistance  to  the  settlement 
of  the  brick-work. 

881 .  Centering.^' A.  substantial  centering  to  support  the  whole  roof, 
must  be  prepared ;  but  if  it  is  not  probable  that  the  centering  will  soon 
be  required  for  other  buildings,  it  will  often  be  more  economical  to  adopt 
the  Indian  mode,  consisting  of  numerous  pillars  of  bricks  cemented  with 
mud,  connected  at  top  with  strong  rough  timber,  oyer  which  is  laid  brick- 
work, like  that  of  the  pillars,  to  obtain  the  curye  intended  for  the  yault, 
which  is  finished  and  made  quite  smooth,  by  a  plaster  of  surhhl  mixed 
with  cow-dung.  The  curye  should  be  gauged  with  wooden  frames  like 
an  inverted  arch,  to  ensure  its  accuracy,  and  it  will  be  well  to  mark  on  the 
sides  of  this  gauge,  the  joints  of  the  intended  arch,  so  as  to  render  it  easy 
for  the  bricklayers,  by  having  two  or  three  of  them  on  the  roof,  to  lay  each 
course  of  bricks  at  right  angles  with  the  curve  of  the  arch,  by  stretching 
a  string  through  holes  made  in  the  gauge. 

8mall  holes  should  be  left  at  intervals  in  the  centering  above  described, 
to  carry  ofiT  the  superfluous  water  (which  should  be  plentifully  used)  in 
dry  weather,  and  the  rain  water,  in  wet. 

This  kind  oi  centering  costs  little  more  than  the  labour,  since  all  the 
bricks  may  be  afterwards  employed  in  making  the  floors,  or  drains  of 
the  building.  If,  however,  a  movable  centering  is  preferred,  it  should 
be  made  with  wooden  ribs  whose  upper  surface  is  planed  to  the  curve 
required,  the  ribs  being  supported  by  struts  either  from  brick  pil- 
lars, or  wooden  posts  carried  to  the  height  of  the  springing,  and  sup. 
porting  a  tie-beam  or  sill  with  the  intervention  of  wooden  wedges  for 
lowering  it. 

Across  the  ribs  in  the  direction  of  the  purlins  of  a  roof  is  placed 
the  lagging,  consisting  of  strong  bamboos,  fir  laths,  about  2  inches 
Bquare,  or  other  similar  material ;  by  making  all  the  parts  of  a  center* 
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ihg  of  Btich  strength  as  to  b^ar  the  strain  npon  it  without  deflection, 
and  by  catting  as  few  mortices  as  possible,  the  timber  will  be  almost 
nninjared,  and  the  cost  will  be  limited  to  that  of  the  laboor  employed 
in  its  erection ;  wide  planking  should  not  be  used  in  India  as  lagging,  as 
it  is  yery  apt  to  warp. 

382.  When  the  centerings  are  fixed  and  materials  all  at  hand,  a  suffi- 
cient nxmiber  of  bricklayers  should  be  ready  to  carry  on  the  work  by  even 
courses  all  round,  so  that  no  part  of  the  arch  should  be  built  up  higher 
than  another,  by  which  means  an  equal  pressure  is  maintained. 

The  joints  should  be  as  fine  as  possible,  and  each  brick  should  be  bedded 
into  the  cement  and  worked  firmly  into  its  place,  where  it  should  be  fixed 
with  one  or  two  blows  of  the  hand  or  a  small  wooden  mallet. 

The  courses  should  break  joint  with  each  other,  making  the  joints  of 
eyery  upper  course  fall  as  nearly  as  possible  upon  the  middle  of  the 
bricks  in  the  course  immediately  beneath  it.  This  principle  should  be 
strictly  adhered  to  in  eyery  kind  of  building,  for  in  all  the  yarious  modes 
of  laying  stones  or  bricks,  the  uniform  object  is  to  obtain  the  greatest 
lap  of  one  oyer  the  other. 

By  moulding  a  proportion  of  the  arch  bricks  half  breadth,  and  placing 
a  half  brick  occasionally,  the  joints  may  be  made  to  fall  exactly  in  the 
middle  of  those  in  the  course  below.  The  joints  between  the  courses 
should  be  as  fine  as  possible,  and  the  last  courses  forming  the  keying  of  the 
arch  should  be  put  in  yery  tight. 

This  should  be  done,  not  by  hammering  the  keying  bricks,  but  by 
taking  care  to  leaye  a  space  at  the  crown  somewhat  less  than  the  thick- 
ness of  the  last  brick  or  two  bricks  to  be  placed,  and  by  then  inserting 
two  planks  with  wedges  between  them,  by  driving  which  the  aperture  may 
be  increased  so  as  to  admit  the  keying  bricks  without  the  application  of  any 
great  force.  Another  advantage  will  be  that  the  joints  on  each  side  of 
the  crown  will  be  thereby  compressed  to  the  same  extent  as,  or  eyen  to  a 
greater,  than  those  lower  down  the  arch,  which  haye  been  compressed  by 
the  hammering  of  each  layer  of  brick  by  wooden  hand-mauls  and  by  the 
weight  of  the  brickwork  sublBequently  laid  upon  them. 

The  centering  or  support  to  the  roof  may  remain  up  till  the  brickwork 
is  slightly  dried,  and  is  then  to  be  carefully  removed  by  lowering  it  gra- 
dually. By  allowing  arch- roofed  buildings  to  remain  one  rainy  season 
without  plaster  or  terrace  on  the  roof,  the  outer  surface  becomes  less 
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porousy  and  after  the  terrace  has  been  added,  the  roof  plaster  will,  more 
probably,  be  quite  free  from  cracks,  and  thus  avoid  that  dampness, 
which  is  often  complained  of  for  the  first  two  or  three  years,  in  building 
with  arched  roofs. 

883.  After  the  arch  has  settled,  it  should  receiye  a  terrace  of  2 
inches,  made  in  the  same  manner  as  for  terrace  roofs,  and  thoroughly  well 
beaten  and  rubbed  to  an  enamelled  surface  with  a  bricklayer's  trowel. 

Care  should  always  be  taken  to  leave  small  holes  of  6  or  9  inches  dia- 
meter, in  the  centre  of  the  roofs  for  ventilation.  The  holes  may  be 
sheltered  from  the  weather,  either  by  tubes  of  baked  earth,  or  by  a  cover 
of  masonry. 

884.  Syrian  Roof  .—As  the  thickness  of  the  walls  carrying  a  vaulted 
roof  is  determined  by  the  weight  and  thrust  of  the  arch,  it  is  evident,  that 
if  the  weight  of  any  arch,  keeping  the  same  form,  can  be*  reduced,  the 
thickness  of  its  supporting  walls,may  also  be  reduced,  and  on  this  depends 
ihe  advantage  of  the  hollow  brick,  or  Syrian  vaults,  over  those  of  solid 
materials. 

The  Syrian  roof  ib  formed  of  hollow  tiles  which  have  been  described 
in  para.  59.  This  kind  of  roof  is  only  one-third  the  weight  of  a  solid 
vault,  and  its  sustaining  walls  may  be  proportionally  reduced  in  thickness. 

The  arch  being  light,  its  centering  may  be  slight  and  rude,  the  weight 
upon  it  being  trifling.  In  building  long  vaults  of  this  kind,  it  is  usual  to 
stiffen  them  by  the  introduction  of  arch  ribs  of  brick  at  the  ends,  and  at 
intermediate  distances ;  these  ribs  may  for  the  sake  of  ornament,  be  a  few 
inches  deeper  than  the  rest  of  the  vaults,  thus  giving  the  effect  of  panel- 
ing, and  the  walls  may  be  strengthened  with  pilasters  where  the  brick 
ribs  occur. 

The  springing  of  the  arches  should  be  coztmienced  solidly  by  bricking 
out,  as  it  is  called,  to  a  height  found  by  producing  the  inner  face  of  the 
wall  till  it  cuts  the  extrados  of  the  vault ;  the  arch  is  then  built  in  the 
ordinary  way  with  these  hollow  voussoirs,  taking  care  that  they  shall  break 
joint  longitudinally.  They  should  be  well  bedded  in  good  mortar,  and  the 
centering  should  be  left  till  the  mortar  is  fully  set,  the  mortar  in  the 
present  case  being  the  heaviest  and  most  solid  part  of  the  vault.  Aper- 
tures should  be  left  for  light  and  ventilation,  and  to  break  the  reverbera* 
tion  of  sound,  which  is  an  inconvenience  attending  vaulted  roofs  not  placed 
at  a  great  height. 
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^ege  roofs  should  be  plastered  inside,  and  covered  with  a  well  beaten 
terrace  ontside ;  the  beating  requires  care,  but  can  be  effected  withont 
the  slightest  injmy,  if  the  Yonssoirs  are  eonnd ;  the  roof  is  then  wea- 
ther-tight, and  indestructible ;  and  in  many  countries  less  costly  too, 
than  a  well-timbered  roof  of  equal  span,  and  not  requiring  thicker  walls 
than  are  usually  built  in  India  for  fiat  and  pitched  roofs  :  of  course  these 
roofs  must  not  be  carried  to  an  extent  that  would  crush  the  materials. 

The  only  chance  of  subsequent  failure  arises  from  the  presence  of 
crystallimng  salts  in  the  pottery :  this  would  cause  gradual  decay  of  the 
Toussoirs,  which  would  communicate  itself  to  the  mortar:  roofs  of  this 
kind  exist  oyer  some  gunsheds  in  the  Fort  at  Agra,  and  although  in 
many  parts  of  the  Fort  corrosion  by  the  efflorescence  of  salts  is  very 
destructive,  these  roofs  appear  to  have  escaped  its  influence. 

886.  Sindh  Roof. — The  construction  of  the  peculiar  hexagonal  tiles 
used  in  this  kind  of  roof  has  been  already  descrided  in  para.  60.  This 
roof  is  very  light,  and  the  use  of  a  centering  can  generally  be  dispen- 
sed with. 

It  is  also  cheap,  costing  Bs.  8  per  100  square  feet,  measured  on  the 
voussoir  portion  only,  which  is  about  equal  to  the  area  of  the  floor  of 
each  room.  This  rate  covers  the  outside  plaster  (of  mud).  Where 
lime  plaster  ia  used,  of  course  the  vault  costs  proportionally  more.  The 
Sindh  bricklayers  are  very  dexterous  in  using  these  voussoirs,  and  the 
roof  of  one  of  the  rooms  (18  x  22  feet)  of  a  District  Bungalow,  was 
vaulted  in  two  days  by  two  bricklayers. 

The  Syrian  roof  of  course  possesses  the  same  advantage  of  quick 
construction,  where  seasoned  timber  is  not  procurable,  but  it  is  not  quite 
so  quick  as  the  vousSoir  plan,  as  the  construction  and  removal  of  the 
centering  occupy  time. 

The  mode  of  constructing  a  vault  with  Sindh  tiles  is  illustrated  in 
the  accompanying  figure,  which  is  a  developed  plan  of  a  vault  during 
construction,  as  seen  when  looking  down  upon  it  from  above« 

The  side  and  end  walls  having  been  carried  up  to  the  requisite  foil 
height,  the  first  voussoir  (1  in  figure)  is  let  into  the  end  wall  (at  the 
crown  of  the  curve) ;  other  voussoirs  (2,  8,  to  7  in  figure)  at  proper 
intervals  are  then  similarly  let  into  the  wall,  till  the  haunches  are  reach- 
ed. About  one-half  of  each  voussoir  ought  to  project  beyond  the  face 
of  the  wall,  (inwards  towards  the  room  being  roofed  in),  and  the  inter* 
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vol  betVeen  each  sfaonld  be  snfficiently  large  for  the  reception  of  half  a 
ToaB«oir  and  its  cemeat.  The  vaoltiog  is  then  commenced  at  the  angles, 
which  are  gradaally  filled  in,  each  course  of  ronssoirs  being 'commenced 
at  the  end  wall,  and  carried  obLiqnel;  down  to  the  hannch  in  the  follow- 
ing manner  : — The  sides  of  Tonssoirs  6  and  7,  and  the  face  of  the  bit 
of  wall  between  them  being  covered  with  cement,  No.  8  Tonssoir  is 
thmst  in  (care  being  taken  in  doing  so  to  keep  the  top  parallel  to  the 
direction  of  the  vaalt)  with  two  or  three  blows  from  the  hand.  It 
penetrates  like  a  wedge,  making  the  joints  qnite  smooth.  After  this 
the  joints  should  be  closed  abore  and  below,  to  make  them  aii-tight 
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till  the  claf  has  stiffened  «  little.  No.  9  its  then  thrust  into  it  place  in 
the  same  way  as  No.  8,  forcing  the  latter,  if  it  is  possible,  still  tighter 
into  its  place.  This  completed,  No.  10  in  the  next  course  is  placed, 
and  so  on  throughont  the  whole  length  of  the  vault.  The  nnmbers  on 
the  fignre  denote  the  order  in  which  the  ronssoirs  are  inserted. 

It  will  be  obserred,  that  b]*  lading  the  Toniaoir  coarse  along  the 
haouches  of  the  Tanlt  in  advance  of  the  courses  higher  np,  any  settle- 
ment at  the  crown  is  prevented.  Two  sides  of  each  vonssoir  being  per- 
pendicnlar  to  the  direction  of  the  conrae,  they  are  directlj  opposed  to 
any  settlement.  The  vault  is  kept  in  the  proper  curve  by  a  circular 
piece  of  plank,  standing  on  the  projecting  bricks  of  the  cornice;  and  so 
little  settlement  takes  place  that  this  can  be  made  to  slide  bock  undee 
the  completed  portion  of  the  vault. 
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The  voosfloirs  ran  abodt  450  to  100  square  feet,  and  a  workman  toler* 
ably  expert  can  vanlt  40  square  feet  in  a  day.  From  the  small  number 
of  TouBSoirs  required,  and  the  small  quantity  of  cement  used,  he  requires 
yery  little  assistance. 

In  all  the  vaults  constructed  on  this  plan,  mud  and  hhusa  has  been 
the  cement  used,  and  it  has  been  found  quite  sufficient.  Being  thrown 
against  the  Youssoirs,  and  spread  with  the  hand,  it  will  be  found  more 
expeditious  than  chunanij  and  of  course  more  economical. 

Before  commencing  to  construct  the  vault  as  just  described,  it  is  well 
to  carry  their  haunches  up  as  far  as  ever  they  will  stand  securely  without 
the  assistance  of  the  thrust  from  the  vault,  for  the  more  the  centre  of 
gravity  of  the  wall  and  haunch  is  brought  inwards  in  this  manner,  the 
greater  is  the  stability  of  the  structure  when  completed.  It  was  found 
from  experiment  that  the  haunches  of  a  semi-circular  vault  of  15  feet 
span  could  be  carried  up  to  a  height  of  5  feet.  To  prevent,  however, 
accidents  from  a  number  of  workpeople  congregating  on  them  before  the 
vaulting  was  commenced,  the  haunches  were  carried  up  to  a  height  of  4 
feet  in  the  first  instance,  completing  them  to  the  requisite  height  while 
the  vaulting  was  being  executed. 


CHAPTER    XIX. 
FOUNDATIONS. 

866.  The  tenn  Faundatum  ie  used  indifferently  either  for  the  lower 
courses  of  a  structure  of  masonry,  or  for  the  artificial  arrangement,  of 
whateTBr  character  it  may  be,  on  which  these  courses  rest,  and  which 
may  be  more  precisely  termed  the  bed  of  the  faundatum.  The  latter 
alone  will  be  treated  of  here. 

The  strength  and  durability  of  structures  of  masonry  depend  essenti- 
ally upon  the  bed  of  the  foundation.  In  arranging  this,  regard  must  be 
had  not  only  to  the  permanent  efforts  which  the  bed  may  have  to  support, 
but  to  those  of  an  accidental  character.  It  should,  in  all  cases,  be  placed 
80  far  below  the  surface  of  the  soil  on  which  it  rests,  that  it  will  not  be 
liable  to  be  uncorered,  or  exposed ;  and  its  surface  should  not  only  be 
normal  to  the  resultant  of  the  efforts  which  it  sustains,  but  this  resultant 
should  intersect  the  base  of  the  bed  so  far  within  it,  that  the  portion  of  the 
soil  between  this  point  of  intersection  and  the  outward  edge  of  the  base, 
shall  be  broad  enough  to  prevent  its  yielding  from  the  pressure  thrown  on  it. 

887.  The  object  to  be  attained  in  the  construction  of  any  foundation 
is  to  form  such  a  solid  base  for  the  superstructure  that  no  movement 
shall  take  place  after  its  erection.  We  must  bear  in  mind  that  all 
structures  built  of  coursed-masonry  (whether  brick  or  stone)  will  settle 
to  a  certain  extent,  and  that,  with  a  few  exceptions,  all  soils  will  be- 
come compressed,  more  or  less,  under  the  weight  of  a  building,  however 
trifling  its  character.  Our  aim,  therefore,  will  be  not  so  much  to  at- 
tempt to  prevent  settlement,  as  to  ensure  that  it  shall  he  uniform,  so  that 
the  superstructure  may  remain  without  crack  or  flaw,  however  irregularly 
disposed  over  the  area  of  its  site,  and  it  cannot  be  too  strongly  impres- 
sed on  the  mind  of  the  reader,  that  it  is  not  an  unyielding  but  a  uniform- 
ly yielding  foundation  that  is  required,  and  that  it  is  not  the  amount,  so 
much  as  the  inequality  of  settlement  that  does  the  mischief. 

The  second  great  principle  in  preparing  foundations  is,  to  prevent  the 
lateral  escape  of  the  supporting  material. 
The  prindplesi  therefore,  to  be  kept  in  view  in  the  treatment  of  all 
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eai eg  where  the  naiaral  floil  is  at  all  of  a  doabtful  ohontcter,  may  be 
{hut  briefly  stated  :->- 

l8t.  To  distribnte  the  weight  of  the  stractore  orer  a  large  area  of 
bearing  Burface, 

2nd,    To  pterent  the  lateral  escape  of  the  supporting  material. 

888.  Natare  of  8absoil8< — The  first  preparatory  step  to  be  taken^ 
in  deterAiining  the  kind  of  bed  required,  is  to  ascertain  the  nature  of 
the  subsoil  on  which  the  structure  is  to  be  raised.  This  may  be  done,  in 
ordinary  cases,  by  sinking  a  pit ;  but  where  the  subsoil  is  composed  of 
various  strata,  and  the  structure  demands  extraordinary  precautioui 
borings  must  be  made  with  the  tools  usually  employed  for  this  purpose. 

889.  With  respect  to  foundations,  soils  are  usually  diyided  into 
three  classes':—- 

The  Ist  class  consists  of  soils  which  are  incompressible,  or  at  least| 
so  slightly  compressible,  as  not  to  effect  the  stability  of  the  heariest 
masses  laid  upon  them,  and  which,  at  the  same  time,  do  not  yield  in  a 
lateral  direction.  Solid  rock,  some  tufas,  compact  stony  soils,  hard  clay 
which  yields  only  to  the  pick,  or  to  blasting,  belong  to  this  class. 

The  2nd  class  consists  of  soils  which  are  incompressible,  but  require 
to  be  confined  laterally,  to  preyent  them  from  spreading  out.  Pure 
gravel  and  sand  belong  to  this  class. 

The  3rd  class  consists  of  all  the  varieties  of  compressible  soils; 
Under  which  head  may  be  arranged  ordinary  clay,  the  common  earths, 
and  marshy  soils.  Some  of  this  class  are  found  in  a  more  or  less  com* 
pact  state,  and  are  compressible  only  to  a  certain  eitent^  as  most  of 
the  varieties  of  clay  and  common  earth ;  others  are  found  in  an  almost 
fluid  state,  and  yield  with  facility  in  every  direction. 

890.  i^oc^.—To  prepare  the  bed  for  a  foundation  on  roeif  the  thick- 
ness of  the  stratum  of  rock  should  flrst  be  ascertained,  if  there  are  any 
doubts  respecting  it :  and  if  there  is  any  reason  to  suppose  that  the 
stratum  has  not  sufSdent  strength  to  bear  the  weight  of  the  structure, 
it  should  be  tested  by  a  trial  weight,  at  least  twice  as  great  as  the  one  it 
will  have  to  bear  permanently.  The  rock  is  next  properly  prepared  to 
receive  the  foundation  courses,  by  levelling  its  surface,  which  is  effected 
by  breaking  down  all  projecting  points,  and  filling  up  cavities  with 
concrete  (which  once  set  is  nearly  incompressible  with  anything  short 
of  a  cnuhing  fovcei  whereas  in  masonzyy  the  comprcBsion  of  the  mortar 
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joints  ig  oertain  to  caoflo  some  irregular  settlement))  and  by  earefolly 
remoying  any  portions  of  the  upper  stratom  which  present  indications 
of  having  been  injured  by  the  weather.  The  surface,  prepared  in  this 
manner,  should,  moreorer,  be  perpendicular  to  the  direction  of  the  pres- 
sure ;  if  this  is  vertical,  the  surface  should  be  horizontal ;  and  so  for  any 
other  direction  of  the  pressure.  If,  owing  to  a  great  declivity  of  the 
surface,  the  whole  cannot  be  brought  to  the  same  level,  the  rock  must 
be  broken  into  steps,  in  order  that  the  bottom  courses  of  the  foundation 
throughout  may  rest  on  a  surface  perpendicular  to  the  direction  of  the 
pressure.  If  fissures  or  cavities  are  met  with  of  so  great  an  extent  as 
to  render  the  filling  them  with  masonry  too  expensive,  an  arch  must 
then  be  formed,  resting  on  the  two  sides  of  the  fissure,  to  support  that 
part  of  the  structure  above  it.  The  slaty  rocks  require  most  care  in 
preparing  them  to  receive  a  foundation,  as  their  top  stratum  will  gene- 
rally be  found  injured  to  a  greater  or  less  depth  by  the  action  of  frost. 

391.  Hard  Earths. — ^In  stony  earths  and  hard  clay,  the  bed  is  pre- 
pared by  digging  a  trench  wide  enough  to  receive  the  foundation,  and 
deep  enough  to  reach  the  compact  soil  which  has  not  been  injured  by 
the  action  of  frost  or  heavy  rain :  a  trench  from  4  to  6  feet,  will 
generally  be  deep  enough  for  this  purpose. 

In  dealing  with  clay^  the  less  it  can  be  exposed  to  the  air  and  the 
sooner  it  can  be  covered  up,  the  better  for  the  work.  If  the  foundations 
are  not  so  deep  as  to  be  beyond  the  influence  of  Atemate  droughts  and 
moisture,  heat  and  cold,  the  bottom  of  the  foundation  pit  must  be 
covered  with  a  concrete  stratum  (as  described  in  next  piira.),  otherwise 
the  building  may  become  rdnt  or  seriously  injured  by  the  contraction  or 
expansion  of  the  ground  on  which  it  rests. 

In  compact  gravel  and  sand,  where  there  is  no  liability  to  lateral 
yielding,  either  from  the  action  of  rain  or  any  other  cause,  the  bed  may 
be  prepared  as  in  the  case  of  stony  earths.  If  there  is  danger  from 
lateral  yielding,  the  part  on  which  the  foundation  is  to  rest  must  be 
secured  by  confining  it  laterally  by  means  of  sheeting  piles,  or  in  any 
other  way  that  will  o£fer  sufficient  security. 

392.  Compresaibh  Earth.'-^The  beds  of  foundations  in  compressible 
soils  require  peculiar  care,  particularly  when  the  soil  is  not  homogeneous, 
presenting  more  resistance  to  pressure  in  one  point  than  in  another ;  for, 
in  that  casei  it  will  be  very  ^difficult  to  guard  against  unequal  settling. 
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In  ordinary  daj,  or  earih,  a  trench  is  dag  of  the  proper  widths  and 
the  bottom  of  the  trench  is  lerellecl  off  to  recdye  a  fonndation  of  b^ton. 

The  preparation  of  an  area  of  b^ton  for  the  bed  of  a  fonndation,  will 
depend  on  the  circnmstances  of  the  case.  In  ordinary  cases,  the  b^ton  is 
spread  in  the  trench,  and  carefully  rammed  in  layers  of  6  or  9  inches,  nntil 
the  mortar  collects  in  a  semi-flnid  state  On  the  top  of  the  layer.  If  the 
base  of  the  bed  is  to  be  broader  than  the  top,  its  sides  mnst  be  confined 
by  boards  suitably  arranged  for  this  purpose.  Wheneyer  a  lay^f  jg 
left  incomplete  at  one  end,  and  another  is  laid  npon  it,  an  off-set  shoold 
be  left  at  the  unfinished  extremity,  for  the  purpose  of  connecting  the 
two  layers  more  firmly  when  the  work  on  the  unfinished  part  is  resumed. 

893.  Wet  Soils. — When  the  soil  under  the  bed  is  liable  to  injury 
from  springs,  they  must  be  cut  off,  and  an  area  of  b^ton  should  compose 
the  bed,  which  should  be  confined  on  all  sides  between  walls  of  stone  or 
b^ton  sunk  below  the  bottom  of  the  bed. 

When  springs  rise  through  the  soil  oyer  which  the  biton  is  to  be 
spread,  the  water  from  them  must  either  be  conyeyed  off  by  artificial 
channels,  which  will  preyent  it  rising  through  the  mass  of  b^ton,  and 
washing  out  the  Ume ;  or  else  strong  doth,  prepared  so  as  to  be  imper* 
meable  to  water,  may  be  laid  oyer  the  surface  of  the  soil  to  receiye  the 
bed  of  b^ton.    When  artificial  diannels  are  used,  they  may  be  com* 

'  pletdy  choked  subsequently  by  injecting  into  them  a  semi-fiuid  hydraulio 
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cement,  and  the  action*of  the  springs  be  thus  completely  destroyed. 

If,  in  opening  a  trench  in  sand,  water  is  found  at  a  slight  depth,  and 
in  such  quantity  as  to  impede  the  labours  of  the  workmen,  and  the  trench 
cannot  be  kept  dry  by  the  use  of  pumps,  or  scoops,  a  row  of  sheeting 
piles  may  be  driyen  on  each  side  of  the  space  occupied  by  it,  somewhat 
below  the  bottom  of  the  bed,  the  sand  on  the  outside  of  the  sheeting 
piles  being  thrown  out,  and  its  place  filled  with  a  puddling  of  clay,  to 
form  a  water-tight  enclosure  round  the  trench.  The  excayation  for  the 
bed  is  then  commenced ;  but  if  it  be  found  that  the  water  still  makes 
rapidly  at  the  bottom,  only  a  small  portion  of  the  trench  must  be  open- 
ed, and  after  the  lower  courses  are  laid  in  this  portion,  the  excayation 
will  bd  gradually  effected^  as  fast  as  the  workmen  can  execute  the  work 
without  difficulty  from  the  water. 

864.  Marshy  Soils, — In  marshy  soils,  the  principal  diffictdty  con^* 
sists  in  forming  a  bed  suffidently  firm  to  giye  stability  to  the  straoturei 
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owing  to  ibe  yielding  nature  of  the  soil  in  aU  direotions.  Although  the 
difi&cultie?  of  boilding  upon  treaoherons  soil  are  great,  they  are  not 
nnsiurmoimtable ;  and  where  capital  and  talent  are  available,  satisfactory 
results  are  almost  inyariably  obtained. 

The  following  fire  methods  are  simple  expedients  for  providing  a  firm 
foundation  bed  in  marshy  soil,  any  one  of  which  may  be  adopted  with 
success  according  to  circumstances.  The  first,  and  beyond  question  the 
best,  is  to  drive  piles  down  to  the  hard  substratum  underlying  the  alluvial 
deposit,  (as  described  in  more  detail  in  the  next  paragraph,)  to  plank 
over  their  heads,  and  to  build  on  the  plattoim  so  made ;  the  same  object 
inay  be  attained,  usually  at  greater  cost,  by  excavating  down  to  the  hard 
tH>ttoin,  and  filling  up  the  trench  with  concrete. 

The  second  system  was  adopted  by  Qeneral  Gilmore  in  constructing  the 
'^  Swamp  Angel "  battery,  used  in  the  siege  of  Charleston.  It  consists  in 
driving  sheeting  piles  down  to  the  hard  bottom,  but  not  necessarily  into  it, 
#0  as  to  enclose  a  circular  of  rectangular  column  of  alluvium.  On  top  of 
this,  hurdles  or  fascines  are  laid,  andovertheseatimberplatfonn  which  will 
carry  guns,  or,  if  need  be,  a  fort.  The  theory  of  the  arrangement  is,  that 
before  the  superstructure  can  sink  into  the  mass  of  loose  earth,  a  portion  of 
the  latter  must  be  displaced  laterally,  in  a  way  that  may  be  best  expressed 
by  the  tiieory  of  the  fluidity  of  solids,  as  defined  by  M.  Tresca  and  others. 
Tlk^  sheeting  piles  prevent  this  displacement,  and  the  load  is  supported  * 
much  as  though  it  r^osed  on  the  ram  of  a  gigantic  hydraulic  press,  of 
which  the  piles  formed  the  cylinder,  while  the  semiHBolid  mud  took  the 
place  of  the  water.  Such  an  expedient  should  be  resorted  to  with  much 
caution,  as  the  stability  of  the  structure  depends  altogether  on  the  power 
which  the  sheeting  piles  possess  of  resisting  pressure  from  within. 

The  third  is  also  a  plan  which  may  often  be  pursued  with  success.  Short 
piles  from  6  to  12  feet  long,  and  from  6  to  9  inches  in  diameter,  are 
driven  into  the  soil  as  close  together  as  they  can  be  crowded,  over  an 
area  considerably  greater  than  that  which  the  structure  is  to  occupy. 
The  heads  of  the  piles  are  accurately  brought  to  a  level  to  receive  a  gril- 
lage and  platform ;  or  else  a  layer  of  clay,  from  4  to  6  feet  thick,  is  laid 
over  the  area  thus  prepared  with  piles,  and  is  either  solidly  rammed  in 
layers  of  a  foot  thick,  or  submitted  to  a  very  heavy  pressure  for  some  time 
before  commencing  the  foundations.  The  object  of  preparing  the  bed  in 
this  maimer,  is  to  give  the  upper  stratum  of  the  soil  all  the  firmness 
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possible,  subjecting  it  to  a  strong  compression  from  tbe  piles;  and  when 
this  has  been  effected,  to  procure  a  firm  bed  for  the  lowest  course  of  the 
foundation  b^  the  grillage,  or  clay  bed ;  by  these  means  the  whole  pres- 
sure will  be  uniformly  distributed  throughout  the  entire  area.  This  case 
is  also  one  in  which  a  bed  of  b^ton  would  replace,  with  great  adyantage, 
either  the  one  of  clay,  or  the  grillage. 

The  practice,  however,  of  driving  small  pfles  into  the  ground  to  consoli- 
date it,  is  considered  by  many  Engineers  as  having  the  effect  only  of 
pounding  up  the  soil,  and  bringing  it  into  a  state  which  can  best  be 
described  by  comparing  it  to  batter  pudding. 

Instead  of  driving  piles  in  these  cases,  if  the  ground,  though  soft,  is  of 
tolerable  consistency,  a  better  plan  is  the  fourth  method  now  recommend- 
ed, viz.,  to  bore  holes  with  a  large  auger  to  a  considerable  depth,  and  to 
fill  them  with  sand,  which  from  its  property  of  acting  almost  as  a  fluid, 
is  a  most  valuable  material  for  distributing  pressure  over  a  large  area  of 
surface.  In  the  case  of  a  timber  pile,  the  pressure  is  transmitted  only  in 
the  direction  of  its  length ;  but  a  sand  pile  transmits  the  pressure  laid  on  it, 
not  only  to  the  bottom,  but  to  the  sides  of  the  excavation,  and  does  not  injure 
the  ground  by  vibration.  It  must  be  borne  in  mind  that  sand  piling  is 
inapplicable  in  very  loose  wet  soils,  as  the  sand  would  work  into  the  sur- 
rounding ground. 

The  fifth  system  maybe  described  as  consisting  in  constructing  an 
extended  platform  of  timber,  which  will  diffuse  the  insistent  weight  over 
so  large  an  area,  that,  what  we  may  term,  the  co-efficient  of  resistance 
proper  to  the  soil  of  the  marsh  may  not  be  exceeded,  and  the  work  will 
therefore,  so  to  speak,  float  as  though  on  a  raft,  or  be  carried  like  a 
man  in  snow  shoes.  It  is  evident  that  this  system  can  only  be  properly 
applied  on  a  comparatively  small  scale,  and  in  any  case,  much  care 
should  be  taken  not  only  to  make  the  platform  sufficiently  large,  but  to 
construct  it  in  such  a  way,  that  it  may  not  yield  where  the  load  is  great- 
est, while  portions  less  severely  taxed  remain  at  the  surface. 

895.  Piles. — To  prepare  the  bed  to  receive  the  foundations  accord- 
ing to  the  first  of  the  five  methods  above-mentioned,  strong  piles  are 
driven  at  equal  distance  apart,  over  the  entire  area  on  which  the  structure 
is  to  rest.  These  piles  are  driven,  until  they  meet  with  a  firm  stratum 
below  the  compressible  one,  which  offers  sufficient  resistance  to  prevent 
them  from  penetrating  farther. 
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Piles  are  gdner&Uy  from  9  to  18  mches  in  diameter,  with  a  length  not 
above  20  times  the  diameter,  in  order  that  they  may  not  bend  under  the 
stroke  of  the  ram.  They  are  prepared  for  driving,  by  stripping  them  of 
their  bark,  and  paring  down  the  knots,  so  that  the  friction,  in  driving 
may  be  reduced  as  much  as  possible.  The  head  of  the  pile  is  usually  en* 
circled  by  a  strong  hoop  of  wrought-iron,  to  prevent  the  pue  from  being 
spilt  by  the  action  of  the  ram.  The  foot  of  the  pile  may  receive  a  shoe 
formed  of  ordinary  boiler  iron,  well  fitted  and  spiked  on ;  or  a  cast-iron 
shoe  of  a  suitable  form  for  penetrating  the  soil  may  be  east  around  a 
wrought-iron  bolt,  by  means  of  which  it  is  fastened  to  the  pile. 

896s  Pile  Engine, — A  machine,  termed  a  File  Engine^  is  used  for 
driving  piles.  It  consists  essentially  of  two  uprights  firmly  coimected  at 
top  by  a  cross  piece,  and  of  a  ram  or  monkey  of  cast-iron,  for  driving  the 
pile  by  a  force  of  percussion.  Two  kinds  of  engines  are  in  use ;  the  one 
termed  a  Crab  engine,  from  the  machinery  used  to  hoist  the  ram  to  the 
height  from  which  it  is  to  fall  on  the  pile ;  the  other  the  Ringing  engine^ 
from  the  monkey  being  raised  by  the  sudden  pull  of  several  men  upon  a 
rope,  by  which  the  ram  is  drawn  up  a  few  feet  to  descend  on  the  pile.  The 
latter  is  generally  used  in  India. 

897.  In  calculating  the  e£fect8  of  a  ram  in  driving  a  pile,  an  approxi- 
mate value  may  be  obtained  by  assuming  that  the  impact  orforce  of  the 
blow  (in  foot  tt>s.)  =  w  hJigS^  where 

11^  ==  weight  of  ram  in  bs., 
g  =  82-2  feet, 
h  =  fall  of  ram  in  feet, 
and  that  in  ordinary  cases  if  a  pile  will  resist  an  impact  of  a  ion,  it  will 
bear  without  yielding  a  preeeure  of  1^  tons.    In  practice  80  feet  may  be 
considered  the  greatest  fall  which  can  be  used  without  splitting  the  timber, 
and  a  ram  exceeding  two  tons  in  weight  would  be  very  troublesome  to 
move  from  place  to  place. 

The  French  Civil  Engineers  have  adopted  a  rule  to  stop  the  driving 
when  the  pile  has  arrived  at  its  dbeolute  stoppage^  this  being  measured  by 
the  farther  penetration  into  the  subsoil  of  about  i^ths  of  an  inch,  caused 
by  a  volley  of  thirty  blows  from  a  ram  of  800  lbs.,  falling  from  a  height 
of  5  feet  at  each  blow.  Piles  should,  however,  when  practicable,  be  drivetf 
tb  an  unyielding  subsoil. 

When  a  pile,  from  breaking  or  any  other  causei  has  to  be  drawn  out,  it 
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is  done  by  tieing  a  long  beam  as  a  lever  for  the  pnrpose ;  tbe  pile  being 
attached  to  the  leyer  by  a  chain,  or  rope  snitably  adjusted. 

But  in  many  cases,  (as  where  sheet  piling  has  been  driyen  round  the 
foundations  of  any  work,)  there  will  be  the  risk  of  the  ground  settling 
down  to  fill  up  the  vacancy  caused  by  drawing  the  piles  :  and  in  all  snch 
cases,  the  piles  should  not  be  drawn,  but  cut  off  at  the  level  of  the  ground, 
or  snch  level  as  may  suit  the  requirements  of  the  work. 

398.  The  number  of  piles  required,  will  be  regulated  by  the  weight 
of  the  structure.  An  allowance  of  1000  Sbs.  on  each  square  inch  of  area 
of  head  will  ensure  safety.  The  least  distance  apart,  at  which  the  piles 
can  be  driven  with  ease,  is  about  2)  feet  between  their  centres.  If  they 
are  more  crowded  than  this,  they  may  force  each  other  up,  as  they  are  suc- 
cessively driven. 

From  experiments  carefully  made  in  France,  it  appears  that  piles 
which  resist  only  in  virtue  of  the  friction  arising  from  the  compression 
of  the  soil,  cannot  be  subjected  with  safety  to  a  load  greater  than 
one-fifth  of  that  which  piles  of  the  same  dimensions  will  safely  support 
when  driven  into  a  firm  soil. 

After  the  piles  are  driven,*  they  are  sawn  off  to  ^a  level,  to  receive  a 
grillage  or  platform  on  which  the  lowest  courses  of  masonry  are  laid. 

899.  Sheet  piUa  are  flat  piles,  which  being  driven  successively  edge  to 
edge,  form  a  vertical  or  nearly  vertical  sheet  for  the  purpose  of  preventing 
the  materials  of  a  foundation  from  spreading,  &c. 

They  may  be  any  breadth  that  can  readily  be  procured,  and  from  2^  to 
10  inches  thick ;  and  are  sharpened  at  the  lower  end  to  an  edge,  which  in 
stony  ground  may  be  shod  with  sheet-iron.  Bheeting  piles  should  be 
carefully  fitted  to  each  other  before  driving.  In  some  cases  it  is  worth 
while  to  tongue  and  groove  the  edges  :  but  this  is  seldom  done  ;  and  if 
the  piles  are  perfectly  parallel  and  truly  driven,  the  swelling  of  the  wood 
when  exposed  to  moisture  will  generally  secure  a  tight  joint. 

400.  The  objections  to  the  employment  of  wooden  piles  in  India  are 
the  numerous  destructive  agencies  at  work,  and  that,  owing  to  the  peculiar 
character  of  the  water-courses,  they  would,  when  employed  for  bridges,  be 
alternately  wet  and  dry,  and  would  soon  rot. 

These  objections  do  not  apply  to  Iran-pileSy  which  are  now  very  much 
employed  both  in  England  and  India,  and  which  possess  great  advantages, 
especially  when  used  in  the  deep  sandy  beds  of  Indian  rivers. 

401.  CmUinrnpiU^  are  of  two  kinds^  bearing  piles  and  sheeting 
piles, 
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The  bearing  piles  may  be  either  solid  of  section  ■«■ ,  or  hollow,  (square 
or  round).  Cast-iron  piling  will  not  last  for  any  considerable  length  of 
time  in  salt  water,  as  it  becomes  gradually  softened,  so  that  it  can  be  cut 
with  a  knife.  In  driying  iron  piles,  it  is  especially  necessary  to  confine 
the  fall  within  narrower  limits,  as  a  fall  exceeding  4  or  5  feet,  would 
be  almost  sure  to  fracture  the  metal.  In  all  cades  it  is  essential  to  inter- 
pose a  piece  of  wood  (called  a  punch  or  dolly)  between  the  ram  and  the  pile 
head  to  deaden  the  blow,  and  distribute  the  force  equally  over  the  pile 
head. 

402.  Prestage'i  Expanding  Piles. — On  the  Eastern  Bengal  Railway, 
the  worn  out  rails  were  utilized  by  Mr.  Prestage  for  iron  piling.  The 
smallest  form  of  pile  was  made  of  a  pair  of  rails  (weighing  24  lbs.  to  the 
foot),  securely  hooped  together  by  wrought-iron  collars  (a)  at  interrals  : 
the  separate  lengths  of  rail  breaking  joint  and  being  fished  in  the  ordinary 
manner.  A  wedge  (c)  at  the  foot  of  the  pile  is  securely  held  in  that  posi- 
tion by  a  wrought-iron  stop  bar,  which  passing  down  from  top  to  bottom 
between  the  rails,  is  bolted  to  the  rails  at  the  top  by  a  jamb  bolt.  To  the 
wedge  are  secured  two  links  d,  d ;  the  other  end  of  each  of  which  is  attach- 
ed to  an  iron  wing/.    Figs.  1  and  8  show  the  pile  ready  for  driving. 

The  pile  is  driven  in  the  ordinary  way  by  a  monkey  travelling  in  guide 

frames.     When  the  pile  is  down  nearly  to  the  required  depth,  the  stop  bar 

is  removed,  and  on  the  monkey  falling  again  on  the  pile,  which  consists  now 

Fig,  1.        Fig.  2.        Fig,  8.        only  of  the  two  rails,  these  slide  over 

the  wedge,  causing  their  feet  to 
spread  slightly  apart ;  at  the  same 
time  the  links  attached  to  the  wedge 
bemg  driven  up  towards  a  horizontal 
position,  make  the  wings  slightly 
expand :  and  as  the  driving  continues 
T]  mil   |^§  the  full  expansion  of  the  rail-feet  and 

"  "  III  H   .£  I«^         W      TOigs  is  attained  as  shown  in  Ji^.  2. 

Modifications  of  this  pile  with  the 
wings  rivetted  to  the  rails,  and  not 
hinged,  were  used  :  and  larger  piles 
^  on  the  same  principle  composed  of  a 
\  duster  of  8  rails  were  adopted,  where 
a  greater  length  of  piling  was  re- 
quired ;  as  of  course  beyond  a  certain 

tog^  fte  2»iiil  piles  ifodd  be  liiUe  to  bead* 
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408.  Iron  Serew  PtUs,  the  inyention  of  Mr.  Alezuider  Mitehelly  are 
piles  widch  are  screwed  into  the  stratnm  in  which  they  are  to  stand.  The 
pile  may  be  either  of  timber  or  iron,  and  that  it  may  admit  being  easily 
torned  abontits  axis,  should  be  cylindrical,  orat  all  eyents  octagonal.  The 
screw  blade,  which  is  fixed  on  at  the  foot  of  the  pile,  is  nsnally  of  cast- 
iron,  and  seldom  makes  more  than  a  single  turn.  Its  diameter  is  from 
twice  to  eight  times  that  of  the  shaft  of  the  pile,  and  its  pitch  from  one- 
half  to  one-fonrth  of  its  diameter.  The  best  mode  of  driving  screw  piles 
is  to  apply  the  power  of  men  or  of  animals,  walking  on  a  temporary  plat- 
form, directly  to  levers  radEiating  from  the  heads  of  the  piles. 

As  an  example  may  be  cited,  the  wronght-iron  piles  used  in  the  piers  of 
Bailway  bridges  on  the  Bombay  and  Baroda  Bailway.  Each  of  these  was 
screwed  into  the  ground  by  means  of  four  levers,  each  40  feet  long,  and 
each  haying  eight  bullocks  yoked  to  it.  According  to  this  example,  the 
greatest  working  load  upon  each  screw  of  4  feet  6  inches  in  diameter,  e»- 
clusive  of  the  earth  and  water  above  it,  is  nearly  as  follows  : — 

Pier  25  tons  +  superstructure  12  +  train  80  =  67  tons  s  150,080  lbs., 
being  at  the  rate  of  nearly  100  tt>s.  per  square  inch  of  the  horizontal 
projection  of  the  screw  blade. 

As  these  piles  are  screwed  from  20  to  45  feet  into  the  earth,  the  weight 
of  earth  above  each  screw-blade  may  be  taken  as  ranging  from  14  &>s.  to 
80  lbs.  per  square  inch ;  so  that  the  load  on  each  screw  blade,  exclusive 
of  the  weight  of  earth  above.it,  ranges  from  8  to  7  times  that  weighty  and 
including  the  weight  of  earth,  from  4  to  8  times. 

The  chief  uses  of  screw  piles  are  to  form  the  vertical  supports  of  plat- 
forms of  open-work  piers,  whether  of  timber  or  iron,  and  of  such  structures 
as  harbour-jetties  and  light-houses,  and  to  fasten  down  permanent  moor- 
ing-chairs  in  harbours. 

404.  Tubular  Foundations.— The  description  of  these  hollow 
wrought-iron  screw  piles  leads  us  naturally  from  the  consideration  of  Piles, 
to  that  of  tubular  foundations,  which  may  be  of  cast-iron  as  used  in 
Europe,  or  of  masonry,  as  in  the  common  well  foundations  of  India. 

406.  Ibon  Tubular  Foundations  consist  of  large  hollow  vertical 
cast-iron  cylinders,  filled  with  rubble  masonry  or  concrete. 

The  general  constraction  of  such  cylinders  and  the  mode  of  sinking 
them  are  ahown  in  Flate  LI.  Amongst  the  auxiliary  structures  and 
machinery  not  shown  in  the  figure  are,  a  temporary  timber  stage  from 
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wUdi  tha  jdeoM  of  tlia  cjlinder  oaa  be  lovered,  and  m  which  the  exea* 

yated  material  can  be  carried  awaj ;  aad  a  ateam-engme  to  work  a  pomp 

for  compreesing  air. 

The  cylinder  consiste  of  lengths  of  about  9  feet,  united  by  internal 

flanges  and  bolts.    The  joints  are  cemented  and  made  air-tight  with  a 

well-known  composition,  consisting  of 

Iron  turnings 1,000  parts  by  wogkt 

Sal^sminoniaCy 10     h  n 

Floar  of  siilphiir, ^     n  n 

Water  enough  to  diasolve  the  Bal-ammoniac. 

In  some  examples  each  joint  is  made  tight  by  means  of  a  ring-shaped 
cord  of  Tulcanized  indian  rubber,  lodged  in  a  pair  of  grooves  on  the  faces 
of  the  flanges. 

The  lowest  length,  A,  of  the  cylinder,  has  its  lower  edge  sharpenedi 
that  it  may  sink  the  more  readily  into  the  ground.  The  intermediate 
lengths,  B,  B,  and  the  uppermost  length,  C,  have  fl^anges  at  both  edges, 
upper  and  lower.  The  portion  D,  at  the  top,  forms  the  ''  bell."  The 
lower  edge  of  the  bell  has  an  internal  flange  by  which  it  is  bolted  to  the 
cylinder  below ;  its  upper  end  is  closed,  and  may  be  either  dome- shaped, 
or  flat,  and  strengthened  against  the  pressure  of  the  air  within  by  trans- 
Terse  ribs,  as  in  the  figure.  In  the  example  shown,  the  bell  is  made  of 
wrought-iron  boiler  plates. 

E  is  a  syphon,  2  or  8  inches  in  diameter,  through  which  the  water  is 
discharged  by  the  pressure  of  the  compressed  air. 

F  and  G  are  two  cast-iron  boxes,  called  "  air-locks,"  by  means  of  which 
men  and  materials  pass  in  and  out.  Each  of  them  has  at  the  top  a  trap 
door,  or  lid  opening  downwards  from  the  external  air,  and  at  one  side,  a 
door  opening  toward  the  interior  of  the  bell,  and  is  provided  with  stop 
cocks  communicating  with  the  external  air,  and  with  the  interior  of  the 
bell  respectively,  wluch  can  be  opened  and  closed  by  persons  either  within 
the  bell,  within  the  box,  or  outside  of  both.  These  may  be  called  the 
escape  cock  and  the  supply  cock. 

The  bell  is  provided  with  a  supply  of  pipe  and  valve  for  introducing 
compressed  air,  a  safety  valve,  a  pressure  gauge,  and  a  large  escape  valve 
for  discharging  the  compressed  air  suddenly  when  required. 

At  the  lower  flange  of  the  division  C  is  a  timber  platform,  on  which 
stands  a  windlass. 
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^6  apparatus  is  represented  as  working  in  a  stratom  of  earth  or  nrad| 
covered  with  water. 

When  the  sinking  of  the  cylinder  has  been  completed,  it  is  filled  with 
masonry,  or  with  hydraulic  concrete.  About  one-half  of  the  building  is 
performed  in  the  compressed  air ;  the  remainder,  with  the  cylinder  open 
at  the  top,  the  bell  being  removed* 

Care  should  be  taken  to  pack  the  concrete  or  masonry  well  below,  and 
to  bed  it  firmly  above  eadi  of  the  pairs  of  internal  flanges. 

In  very  soft  materials  it  is  sometimes  necessary  to  drive  a  set  of  bear- 
ing piles  in  the  interior  of  each  cylinder,  in  order  to  support  the  concrete 
and  masonry. 

The  earliest  mode  of  sinking  iron  tubular  foundations,  was  that  invented 
by  Dr.  Potts,  in  which  the  air  is  exhausted  by  a  pump  from  the  interior 
of  the  tube,  which  is  forced  down  by  the  pressure  of  the  atmosphere  on  its 
closed  top.  This  method  is  well  suited  for  sinking  tubes  in  soft  materials 
that  are  free  from  obstacles,  which  the  edge  of  the  tube  cannot  cut  through 
or  force  aside— such  as  large  stones,  roots,  pieces  of  timber,  <&c.* 

406.  Well  Foundations. — The  general  substitute  for  Iron  Tubular 
foundations  in  India  are  Well  or  Block  Foundations^  which  have  been  in 
use  for  very  many  years,  and  which  are  peculiarly  adapted  to  the  deep 
sandy  beds  of  Indian  rivers,  and  are  extensively  used  both  for  bridges 
and  buildings.  A  foundation  may  consist  of  a  number  of  wells,  sunk 
dose  together,  and  connected  together  afterwards  j  or  of  a  block  or  blocks 
of  masonry  made  to  the  required  shape,  and  having  holes  left  in  it  of  the 
same  size  as  the  wells ;  the  latter  however  requires  experienced  workmen, 
and  circular  wells  are  therefore  generally  used.  In  both  cases  the  method 
employed  is  the  same.  A  wooden  curb  (nvnchak)  of  hard  wood,  and 
of  a  thickness  varying  from  6  to  18  inches,  is  made  of  the  size  of  the  well 
or  block,  and  fixed  in  position  on  the  river  bed.  On  this  about  4  feet  in 
height  of  masonry  is  built ;  and  when  dry,  the  sand  inside  is  scooped  out, 
80  that  the  curb  and  masonry  descend.  Another  4  feet  is  then  bailt,  and 
again  the  same  process  is  resorted  to,  and  the  curb  again  made  to  descend 
until  any  required  depth  is  attained. 

*  The  method  of  slnUog  oylinderafor  fonndatlom  hj  the  aid  of  oomprened  afr,  tras  lint  em- 
ployed at  the  bridge  over  the  Medwaj  at  Rocdieeter,  eseonted  from  the  deeigw  of  Sir  William 
OubH. 

It  waa  at  flnt  intended  that  the  fenbeatfKmM  be  aimk  by  the  exfaanatl^prooem;  battlMiamainiof 
an  old  timber  bridge^  imbedded  in  the  mod  at  the  bottom  of  the  ilTer,  zendoed  that  impnoti* 
oiAla  s  ftnd  the  oompcaadTe  prooea  waa  then  invented  by  the  oontnotor,  SCr.  Bnghei,  M  J.  C.B. 
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Oreat  care  has  to  be  taken  that  the  sand  is  scooped  out  gradually  and 
evenly  all  round,  so  that  the  masonry  may  not  crack  in  its  descent  The 
masonry  must  be  thoroughly  bonded,  and  of  the  best  materials.  In  im- 
portant works  hoop-iron  and  vertical  iron  rods  in  the  masonry  (vide  para. 
412)  are  used  to  give  additional  strength. 

407.    The  wells  or  blocks  are  either  driven  down  to  the  solid  soil,  clay, 
or  iankoTy  or  rock ;  or  they  may  be  suspended  as  it  were  in  the  sand  by 
mere  friction,  the  force  of  which  is  very  great.    If  this  latter  plan  be  resort- 
ed to,  however,  the  depth  of  the  wells  must  be  considerable,  to  prevent 
a  chance  of  the  water  tearing  up  the  sand  and  exposing  the  foundations. 
In  Madras,  however,  when  the  wells  are  used  to  carry  bridge  piers,  it  is 
usual  only  to  sink  them  about  6  feet  in  the  sand,  the  piers  being  con- 
nected together  both  at  their  up  and  down-stream  ends  by  a  line  of  wells 
acting  as  curtain  walls,  to  prevent  a  scour ;  a  flooring  of  masonry  or  con- 
crete is  also  added  between  the  piers,  and  a  talus  of  loose  stone  is  added 
on  the  down-stream  sides  beyond  the  lower  curtain  walls  as  a  further 
protection  against  scour.    This  arrangement  will  be  seen  in  the  plan  of 
the  Markunda  Bridge,  under  the  Section  Bridges.    The  total  quantity 
of  masonry  employed  is  scarcely  less  than  would  be  required  to  sink  the 
principal  wells  to  a  depth  well  below  any  possible  scour,  but  it  is  generally 
a  cheaper  arrangement,  from  the  great  expense  of  sinking  them  when 
the  depth  is  great ;  unless,  however,  there  is  plenty  of  material  on  the 
spot  available  for  the  talus,  the  arrangement  is  not  to  be  recommended. 
The  wells  being  finished,  may  be  filled  in  with  brick  or  hanhar^  arched 
over,  and  connected  together  by  arches,  on  the  top  of  which  the  super- 
structure is  built,  or  they  may  be  filled  with  concrete  from  the  bottom, 
thus  forming  a  series  of  solid  cylinders. 

408.  The  following  is  a  description  of  the  Block  foundations  used  in 
the  Solani  Aqueduct,  on  the  Ganges  Canal,  by  Lieut,  (now  Colonel)  H. 
Tule,  B.E.,  from  the  ^'Boyal  Engineer  Professional  Papers."  Vide 
PlaUe  LII.  and  LIII). 

The  foondfttionB  of  each  pier  oonaiBt  of  eight  blockB  of  brickwork,  measuring  22 
feet  by  20  in  surface,  and  20  feet  in  depth  sank  flush  with  the  level  of  the  flooring 
of  the  waterway,  at  intervals  of  2  feet  8  inches  only.  Each  block  contains  four  shafts 
or  wells,  in  wUch  the  excavation  was  carried  on  in  the  manner  already  described. 

The  principal  blocks  of  the  abutments  measure  26  by  22  feet  supetfidally.  Those 
supporting  the  wings  of  the  abutmsuts  are  of  yarious  iilferior  sizes. 

There  ii  also  a  small  block  at  each  end  of  every  pier  supporting  the  cutwaters  i  and 
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a  line  of  almost  contigaons  blocks  forms  a  protectmg  curtain  for  the  whole  length  of 

the  bridge,  on  both  np-stream  and  downnstream  sides.    The  whole  of  these  are  sunk 

to  a  depth  of  20  feet. 

For  the  convenience  of  accounts,  these  f  onndation-blocks,  whilst  in  progress,  were 

divided  into  f  onr  classes,  according  to  size  ;  the  first  dass  embracing  the  large  blocks 

of  the  abatments ;  the  second,  those  of  the  piers  and  ends  of  abutments ;  the  third, 

those  on  the  exterior  flanks  of  the  abatments ;  and  the  fourth,  all  the  smaller  blocks 

having  only  two  shafts.    The  total  number  of  blocks  ia  as  follows  :— 

First  class, 20 

Second,,  ••        • 120 

Third   „ ••  12 

Fourth,, 142 

Total,      ••        ••       294 
containing,  when  completed,  about  1,700,000  cubic  feet  of  brickwork.    In  this  are 
not  included  a  number  of  other  blocks  connecting  the  abutments  of  the  aqueduct 
with  the  walls  which  iaolose  the  earthen  embankment  across  the  valley.    The  position 
of  these  is  shown  bj  the  unshaded  blocks. 

In  commencing  the  foundations  of  a  pier,  the  sand  was  dug  out  within  an  inch  or  two 
of  the  water-level,  and  the  position  of  the  eight  principal  blocks  marked  ofE  accurately 
from  the  axis  of  the  aqueduct.  Curb-frames  of  whole  timbers,  running  generally 
from  10  to  13  inches  square  were  then  laid  down,  levelled,  and  built  on  to  a  height  of 
12  feet.  In  building,  five  bonds  of  hoop-iron  were  laid  in  every  foot  of  height,  thia 
way  and  that  way  alternately.  The  process  of  undersinking  was  then  commenced, 
and  the  block  sunk  flush  with  the  water.  The  remaining  8  feet  of  masonry  were  then 
added,  but  without  the  use  of  hoop-iron,  and  when  completed,  undersinking  was  re- 
newed till  the  full  depth  was  attained. 

In  the  first  blocks  which  were  built,  the  wells  were  octagonal  in  plan  from  bottom 
to  top.  But  from  a  growing  conviction  that  this  form,  though  adding  to  the  mass  of 
masonry,  added  nothing  to  its  strength,  from  its  destroying  the  bond  of  the  brick- 
work, and  inducing  careless  workmanship,  first  the  upper  part  of  the  blocks  was  built 
with  rectangular  shafts,  and  latterly  the  entire  blocks  were  so  constructed.  Skew- 
backs  were  left  near  the  top  of  every  well  for  a  three-brick  arch  to  vault  it  over,  as 
well  as  on  the  exterior  of  each  block  in  order  to  coxmect  it  with  that  adjoining ;  so 
that  the  foundation  of  a  pier,  when  finished,  presented  a  solid  and  continuous  platform 
of  brickwork,  measuring  192  by  20  feet 

The  lime  used  was  derived  from  the  limestone  boulders  gathered  in  the  bed  of  the 
Ganges  and  its  tributaries ;  the  mortar  employed  consisting  of  a  mixture  of  lime  and 
pounded  brick,  in  the  proportion  of  two-thirds  of  the  latter  to  one-third  of  the  former. 
This  mixture  was  strongly  hydraulic,  though  not  setting  very  rapidly. 

In  sinking  the  four-shafted  blocks,  trifling  divergencies  from  the  perpendicular  were 
not  much  regarded,  as  there  was  little  difiSculty  in  rectifying  them  by  suspending 
excavation  on  the  lower  side.  In  a  few  instances,  from  working  the  jAom  (vide  p.  404) 
too  much  towards  the  exterior  of  the  larger  walls,  rents  occurred  In  the  masonry,  as  if 
from  the  hogging  or  convexing  of  the  curb-frame.  As  soon  as  these  were  perceived 
by  the  officer  in  charge,  the  work  was  directed  vigorously  towards  the  centre  of  each 
block,  which  always  had  the  effect  of  completely  re-dosing  the  fissures. 

Though  the  boring  had  given  no  result  but  sand  to  a  depth  of  82  feeti  yet  under 
tome  of  the  pien,  tiiin  looal  beds  of  day  and  mad  wen  met  with*   ThuM  oooadoMd 
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great  delay,  as  in  sach  places  the  extraction  of  hundreds  of  cubic  feet  of  soil  acaieely 
affected  the  level  of  the  blocks  a  hair's  breadth.  This  was  most  especially  the  case 
with  the  foundations  of  the  pier  first  undertaken.  The  large  timbers  on  the  ontade  of 
the  curb,  instead  of  being  halved  into  each  other,  so  as  to  form  a  flush  frame,  were  only 
checked  into  one  another  1-inch  either  way,  and  strongly  bolted ;  and  the  hoUow 
spaces  thus  left  under  two  of  the  four  sides  of  the  curb  frame,  happened  to  be  turned 
to  the  outer  side  of  the  pier,  that  is  towards  the  waterway  of  the  adjoining  arches, 
without  any  anticipation  of  evil  consequences.  The  result  appeared  to  be  that  the 
curb-frames  continued  to  rest  nearly  unmoved  on  the  lower  beams  ee,  whilst  the 
spaces  under  hh  formed  bridges,  or  open  traps,  through  which  a  constant  flow  of  mud 
took  place  to  replenish  the  wells  as  fast  as  they  were  emptied  by  ihejham.  At  last 
it  was  found  necessary  to  inclose  the  most  refnictoxy  blocks  in  sheet  piling,  in  ordw 
to  complete  the  sinking. 

The  encounter  with  pieces  of  timber  was  also  a  serious  obstacle.  In  a  part  of  the 
work  a  species  of  coffer-dam  had  been  formed  to  exclude  floods,  the  piles  of  which  had 
been  at  one  point  breached  and  submerged.  Here  these  obstacles  were  not  unfrequen^ 
and  were  very  troublesome  when  they  lay  athwart  the  wells  at  a  considerable  depth  in 
the  water.  The  best  way  to  get- rid  of  them  was  found  to  be  by  boring  several  con- 
tiguous holes  through  the  timber,  with  a  long  auger,  and  then  breaking  it  through  by 
a  violent  blow  with  a  heavy  beam,  after  which  there  was  little  difficulty  in  removing 
the  separate  pieces. 

The  two-shafted  blocks  were  not  so  easily  guided  in  their  descent  If  they  leaned 
over  to  one  side,  as  they  were  very  apt  to  do  on  account  of  the  narrow  base,  it  was 
exceedingly  difficult  to  restore  them ;  one  went  suddenly  to  pieces,  probably  from  a 
sudden  falling  in  of  sand  and  consequent  fracture  of  the  curb-frame,  involving  the 
loss  of  two  lives,  and  forming  a  grievous  obstacle  to  its  replacement  by  another  block. 
This  was  the  only  fatal  accident  on  this  branch  of  work  during  three  yean  of  its 
progress* 

At  the  suggestion  of  Mr.  Thomas  Login,  a  young  engineer  assistant  on  the  work, 
the  experiment  was  tried  of  building  these  narrow  blocks  in  the  form  of  an  inverted 
wedge,  the  side  walls  having  a  considerable  batter  on  the  outside.  In  this  form  these 
blocks  preserved  their  upright  position  much  better. 

The  following  Table  shows  the  average,  on  a  considerable  number  of  blocks  of  the 
different  sizes,  of  the  daily  progress  in  sinking  by  the  process  described :— > 
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The  woik  abftraeted  in  the  abore  Table,  was  oanied  on  by  day  aad  night  tatk" 
ftinnouslj  (excepting  Snnday) :  and  the  da3r8  registered  represent  the  nnmber  of  dajrg 
of  twelve  honrs  for  which  wages  were  paid.  Hence  the  real  time  occnpied  was  ovly 
half  that  exhibited. 

409.  In  passing  orders  on  the  well  foundations  of  the  bridges  oyer 
the  very  large  riyers — Rayi,  Chenab  and  Jhelnm— on  the  Pnnjab  Nor- 
thern Railway  the  Goyemment  of  India  directed  that  each  pier  should 
rest  on  three  12 1  feet  diameter  wells,  snnk  70  feet  deep,'  and  protected 
all  around  with  brick  rubbish  or  boulders  thrown  in  to  the  extent  of 
at  least  30,000  cubic  feet  to  each  pier :  also  that  the  foundation  of 
the  abutment  should  be  the  same  as  of  the  pier,  but  that  behind  it  there 
should  be  a  pair  of  retaining  walls  run  out  on  10  feet  wells,  parallel  to  each 
other  in  continuation  of  the  direction  of  the  bridge  for  a  length  of  75  feet : 
these  wells  being  40, 80  and  20  feet  deep,  those  nearest  the  abutment  being 
sunk  the  deepest.  For  the  further  protection  of  the  abutments  it  was 
ordered  that  a  brick  flooring  should  be  laid  round  each  abutment,  and  one 
pier  nearest  to  it,  protected  by  a  curtain  of  deep  blocks  all  round  :  the  line 
of  curtain  blocks  being  40  feet  from  the  wells  of  the  piers  and  abutment  on 
the  up-stream  side,  and  75  feet  from  the  wells  on  the  down-stream  side, 
and  extending  40  feet  beyond  the  pier  on  the  one  side,  and  40  feet  beyond 
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the  abutment  on  the  other  side.    The  line  of  curtain  blocks  should  be  20 
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feet  deep  on  the  sides  pftrallel  to  the  stream  and  on  the  down-stream  sidei 
and  10  feet  deep  on  the  np-stream  side.  All  round  the  flooring  outside 
the  curtain  blocks  there  should  be  thrown  in  boulders  or  brick  rubbish 
at  200  cubic  feet  to  the  foot  run  of  curtain  blocks  where  they  are  20 
feet  deep,  and  100  cubic  feet  to  the  foot  run  where  they  are  10  feet  deep. 

The  general  arrangement  of  this  protection  work  is  sbown  in  the 
sketch  on  the  preceding  page. 

The  slopes  of  the  railway  embankment  joining  the  abutments  should 
be  pitched  on  both  sides  with  brick  or  hankar  blocks,  or  boulders,  for  100 
yards,  and  a  mass  of  such  blocks  should,  besides,  bo  accumulated  round 
the  end  of  the  embankment  where  it  joins  the  abutment,  both  on  up  and 
down-stream  sides,  to  the  extent  of  50,000  cubic  feet  on  each  side. 

410tf  Excavating  apparatus.— As  long  as  the  water  in  the  interior 
can  be  kept  out  by  pumping  or  lifting,  the  work  of  sinking  the  wells 
proceeds  quickly ;  but  when  the  work  has  to  proceed  under  water,  it  is 
yery  slow,  and  many  different  methods  have  been  adopted  to  clear  out  the 
water  and  core  of  the  wells. 

411.  Thb  Jham. — The  simplest,  and  indeed  the  original  Indian  plan, 
is  the  use  of  a  machine  called  a  jhamy  which  is  a  huge  phaora  or  hoe ;  a 
straight  socket  is  cast  on  to  it,  in  which  a  pole  is  fitted,  and  by  which  thejkam 
when  lowered  into  the  water  can,  be  worked  into  the  sand  from  a  stage 
above.  The  pole  is  then  withdrawn,  and  by  means  of  a  windlass  and  rope, 
the  jham  with  its  load  of  sand  is  dragged  up,  emptied,  and  again  sent  down. 
In  some  parts  of  the  country,  the  well-sinkers  dive  every  time  and  work  the 
jham  into  the  sand  by  their  hands,  and  divers  have  generally  to  be  employ- 
ed in  case  of  any  obstruction  to  the  regular  descent  of  the  well,  (vide 
Plate  No.  LIV.) 

An  improved  form  oijham  is  described  in  the  next  para.,  as  used  on  the 
Jumna  Bridge  at  Allahabad. 

412,  The  following  is  a  description  of  the  Well  foundations  used  for 
the  Great  Railway  Bridge  over  the  Jumna  at  Allahabad  (from  the  "  Civil 
Engineer's  Journal ,")  vide  Plate  L  V. 

The  Jnmna,  like  most  of  the  Indian  rlTers,  wiads  abont  much  in  its  coarse,  and 
varies  in  width  and  depth  considerablj  ;  and  within  a  distance  of  three-quarters  of  a 
mile  above  and  below  the  railway  bridge,  it  is  65  and  72  feet  deep,  respectively,  at  low 
water,  bat  this  depth  is  redoced  to  onlj  15  feet  at  the  spot  selected  for  crossing  by  the 
Chief  Engineer,  Mr.  Edward  Poner.    A  nomber  of  experimental  brick  cylinders  were 
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ftmk  to  ascertain  what  the  hed  of  the  rirer  oonsistod  of,  and  at  a  depth  of  85  feet 
nothing  bat  sand  partly  mixed  with  clay  was  found.  Generally  speaking  the  water  ia 
BO  low  in  the  Indian  riTcrs  between  the  months  of  November  and  May,  that  there  are 
no  great  difficulties  to  be  got  over  in  beginning  operations  for  sinking  the  cylinders  to 
form  the  fonndations  of  the  dry  piers :  but  in  the  Jnmna,  which  is  never  dry,  it  was  un- 
avoidable that  the  piers  had  to  be  begun  where  there  was  deep  water :  and  as  the  means 
of  pitching  iron  curbs  under  water  were  not  at  hand,  the  question  arose,  what  was  the 
best  mode  of  commencing  the  building  of  the  cylinders  preparatory  to  sinking 
them? 

The  simplest  plan  seemed  to  be  to  form  an  artificial  island  for  each  pier ;  and  this 
was  done  in  the  following  manner : — ^Taking  the  centre  of  a  pier  in  15  feet  depth  of 
water  as  the  starting  point,  and  setting  out  a  space  of  175  feet  length  by  120  feet 
width,  sand  bags  were  sunk  on  the  down-stream  and  two  adjacent  sides,  thus  forming 
three  sides  of  an  enclosure,  in  the  centre  of  which  loose  sand  was  thrown,  which  was 
carried  by  the  stream  and  deposited  against  the  upper  side  of  the  lower  boundary  of 
sand  bags,  where  it  formed  a  ridge  ;  in  due  course,  the  surface  of  the  water  was  thus 
reached,  when  the  sand  was  all  thrown  on  the  up-stream  side,  and  an  island  was 
thereby  speedily  formed  100  feet  long  by  60  feet  wide  at  the  top.  On  this  island 
the  ten  iron  curbs  were  pitched  to  form  the  bases  for  the  ten  brick  cylinders  compos- 
ing the  foundations  of  the  pier,  being  pitched  at  a  distance  of  15  feet  6  inches  from 
eentre  to  centre  transversely  of  the  pier,  and  15  feet  longitudinally. 

The  iron  curb  is  shown  in  Fig,  7,  which  gives  a  rertical  section  of  one  of  the  brick 
cylinders  to  a  larger  scale,  showing  the  cylinders  AA  partially  sunk.  The  curb  B  is 
18  feet  6  inches  diameter  outside,  and  8  feet  6  inches  inside,  the  interior  of  the  brick 
cylinder  diminishing  to  6  feet  9  inches  diameter.  The  curb  consists  of  a  flat  horizontal 
ring  of  f-inch  boiler  plate,  2  feet  6  inches  wide,  rivetted  by  an  angle-iron  to  an  outer 
cylindrical  ring  of  similar  plate  18  inches  deep,  and  having  gusset  plates  connecting 
the  two  rings  underneath.  The  outer  cylindrical  ring  extends  8  inches  above  the 
horizontal  one,  forming  a  support  all  round  to  the  base  of  the  brick  cylinder  on  the 
outside ;  and  an  angle-izon  upon  the  timber  edge  of  the  flat  ring  forms  a  similar  support 
within.  To  keep  the  curbs  in  place,  they  are  sunk  till  the  top  plate  of  the  curb  is 
bedded  on  the  sand  ;  then  12  feet  height  of  brickwork,  8  feet  H  inches  thick,  is  built 
upon  the  curb,  the  first  5  feet  of  which  are  sunk  by  simply  taking  out  the  sand  from 
the  underside  of  the  curb  by  hand ;  after  which  ihejham  must  be  used* 

The  results  of  numerous  trials  with  many  kinds  and  forms  of  the  tool  gare  tLJham 
such  as  is  shown  at  C,  in  FigM.  7  and  8.  The  jham  is  made  of  wronght-iron  with 
a  scoop  2  feet  2  inches  wide,  and  2  feet  4  inches  long,  made  thin  and  sharp  at  the 
front  edge,  and  supported  by  two  stays  fixed  to  the  sides  of  the  scoop,  and  also  made 
thin  and  sharp  at  their  front  edges  for  penetrating  the  ground  readily ;  the  whole 
weighiug  about  |  cwt 

The  mode  of  using  this  jAam  is  as  follows :— By  means  of  a  couple  of  ropes,  D,  at- 
tached to  the  tail  end  of  the  arm  E,  the^'A^m  is  lowered  by  hand  to  the  bottom  of  the 
well,  till  the  cutting  edge  of  the  scoop  C  and  the  outer  end  of  the  arm  £  rest  upon 
the  sand,  as  shown  by  the  full  lines  in  Fig,  7.  Then  with  the  weight  of  two  or  three 
men  bearing  on  the  top  of  the  vertical  pole  F,  which  is  held  in  place  by  the  pin  at  the 
bottom  passing  loosely  through  a  hole  in  the  tail  end  of  the  arm  E,  the  scoop  is  raised 
a  short  distance  by  the  xopes  D,  the  outer  end  of  the  aim  resting  npon  the  sand  and 
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forming  a  sort  of  centre  of  motion ;  and  the  aooop  ia  then  dropped  with  the  weight  of 
the  men  hearing  npon  it,  and  its  cntting  edge  ia  thna  forced  into  the  aand.  By 
lepeating  these  strokes  thelsooop  is  forced  into  the  sand,  the  workmen  knowing  hj  the 
tel  when  the  scoop  is  deep  enough  in  the  sand.  Then  with  the  weight  of  the  men  still 
on  the  vertical  pole  F,  the  jham  is  hanled  op  hj  means  of  the  windless  G,  round  the 
barrel  of  which  the  chain  is  woand  that  is  attached  to  the  extremity  of  the  arm  E  $ 
the  jham  being  thereby  tilted  into  position  is  brought  up  filled  with  sand,  as  shown 
dotted  in  Hg.  7.  It  requires  ten  men  at  the  windlass  to  move  the/Atfm  when  bedded 
and  coyered  with  sand  ;  it  is  then  drawn  up  to  the  top,  when  it  is  emptied,  and  the 
process  repeated. 

After  the  first  lengtii  of  12  feet  of  brick  cylinder  had  been  sank  down  to  the  water 
lerel,  an  additional  15  feet  were  added,  as  shown  in  Fig.  5  ;  and  the  process  of  sink- 
ing continued  till  the  15  feet  added  had  been  sunk,  when  an  additional  16  feet  were 
added,  making  a  total  of  48  feet  depth.  As  a  precaution  for  preventing  the  curb  and 
lower  portion  of  the  bpck  cylinder  from  parting  from  the  upper  portion,  which  was 
found  sometimes  to  occur,  provision  was  made  on  the  curb  for  attaching  six  holding 
up  bolts,  which  were  built  into  the  brickwork  for  a  length  of  16  feet,  as  shown  in 
Fig.  5,  and  at  intervals  of  every  5  feet,  a  ring  of  flat  iron  was  dropped  over  all  the 
bolts  and  cottered  down  on  to  the  brickwork. 

The  rate  of  sinking  of  the  cylinders  was  far  from  regular ;  at  starting,  the  pro- 
gress was  pretty  even,  the  cylinders  going  down  from  15  to  9  inches  per  day  ;  but  the 
average  rate  of  sinking  when  down  to  20  feet  was  not  more  than  4|  inches  per  day ; 
and  beyond  that  depth,  the  rate  of  progress  gradually  decreased  till  it  was  not  more 
than  1 1  to  1  inch  per  day  of  24  hours.  The  plan  that  was  adopted  where  the  sinking 
went  on  slowly  was  to  add  extra  weight  on  the  top  of  the  cylinder,  either  by  building 
extra  brickwork,  or  adding  a  load  of  rails.  In  very  bad  cases  both  means  were  used, 
till  a  weight  of  40  tons  on  each  cylinder  was  added ;  and  even  with  this  additional 
load  on  the  top,  great  difficulty  was  met  with  when  the  sinking  had  reached  a  depth  of 
40  feet ;  which  is  not  surprising  when  it  is  considered  that  there  was  then  a  constant 
pressure  due  to  40  feet  head  of  water  acting  upon  the  sand  ronnd  the  exterior  sur^use 
of  the  cylinder  at  the  bottom. 

When  the  cylinders  were  got  down  to  the  depth  of  48  feet  they  were  ready  for  the 
concrete  H,  Fig,  6  ;  but  before  throwing  in  the  concrete,  a  diver  supplied  with  Siebe's 
diving  apparatus  was  sent  down  to  clear  away  any  rubbish  that  might  be  left  at  the 
bottom  of  the  well,  and  level  the  space  under  the  curbs  for  the  reception  of  the  con- 
crete. A  depth  of  15  feet  of  concrete  was  then  thrown  in,  composed  of  1  part  of 
fresh  burnt  unslaked  lime,  1  of  broken  bricks,  and  2  of  underbumt  lime ;  these  were 
the  usual  proportions  of  the  concrete  used  in  stopping  the  cylinders,  and  about  18  days 
were  generally  allowed  for  it  to  set  A  disc  made  of  two  thicknesses  of  2-inch  plank- 
ing was  let  down  upon  the  surface  of  the  concrete,  weighted  by  8  feet  thickness  of 
brickwork ;  this  disc  was  a  little  less  in  diameter  than  the  inside  of  cylinder,  so 
as  to  pass  freely  down  on  to  the  concrete,  the  space  between  the  edge  of  the  disc  and 
the  sides  of  the  cylinder  being  then  filled  in  with  wood  wedges  driven  by  divers. 
The  object  of  putting  in  this  disc  was  to  prevent  the  concrete  being  disturbed  by  the 
pressure  of  water  underneath,  whilst  the  water  was  being  baled  ont  from  above  the 
concrete,  preparatory  to  building  the  cylinder  up  solid. 

The  mortar  naed  was  made  of  1  part  of  lime  to  1  er  1|  puta  of  »ur^  wlmh 
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eonslBta  of  bricks  pounded  and  passed  through  a  sieve  of  8  meshes  to  the  inch ;  this 
mortar  is  of  the  best  description,  being  hydraulic,  and  setting  almost  better  in  water 
than  ont  of  it. 

The  next  operation,  after  having  made  tight  the  wooden  disc  npon  the  top  of  the 
concrete,  was  to  bale  ont  the  water,  and  build  np  the  void  inside  the  cylinder  solid  with 
rubble  stone,  as  shown  in  Fig,  5  ;  this  was  carried  np  to  the  top  of  the  cylinders,  and 
their  tops  thus  reduced  to  an  even  bed  ready  for  the  ooyering  stones.  As  a  precau- 
tion to  prevent  these  stones  from  spreading,  a  groove  was  cut  in  the  top  of  the  cylin- 
ders 6  inches  deep,  and  extending  lengthways  of  the  pier,  as  seen  in  Jfig,  4  ;  into  this 
groove  the  large  stones  were  laid,  and  they  stretched  across  the  space  between  the 
cylinders,  and  have  a  good  hold  on  each  cylinder.  The  stones  were  all  cramped  at  the 
joints  with  l^inch  square  iron,  and  the  stones  in  the  next  course  above  were  dropped 
into  joggles  in  the  first  course.  The  hearting  of  the  cylinders  was  then  carried  up  in 
brickwork,  diminiBhing  by  a  set-off  of  2^  inches  at  each  course,  to  form  a  core  or 
centre  for  the  corbelling  or  over-sailing  of  the  brick  steining  of  the  cylinders.  A 
similar  provision  was  made  on  the  outside  of  the  cylinders,  by  throwing  in  concrete 
between  the  cylinders,  and  building  concentric  rings  of  brickwork  upon  that ;  over 
these  the  corbelling  on  the  outside  of  the  cylinders  was  carried. 

418.    FouBAOBBs'  Wbll  Exoatatobs. — To  replace  the  jham  in  well 

sinking  on  the  Boane  Canal  Works,  Mr.  G.  Fouracres^ 
G.E.,  invented  ezcayators,  as  described  below. 

Ordinary  Well  Excavator.-^The  accom- 
panying drawing  will  make  the  constmction 
and  action  of  the  Excavator  clear  with  very 
few.  words  of  explanation ;  it  coiisists  of — 

Ifft.— -A  spear  of  l-inch  sqnare  iron^  12 
feet  long,  with  shackle  at  the  top  to  sling 
=4^         it  by,  and  a  cross-head  at  bottom. 


2nd. — Two  segmental  scoops,  hinged  on  the  ends  of  the  cross-head,  and 
forming  when  closed  (the  edge  of  one  slipping  just  within  the  other)  a 
bucket  of  rather  more  than  the  third  of  a  cylinder.  Materials^  sheet-iroa 
and  angle-iron  for  comers. 

Brd. — Two  iron  collars  A,  B,  sliding  loosely  on  the  spear,  and  connected 
at  a  fixed  distance  asunder,  by  a  second  side  spear.  To  the  lower  collar 
are  attached  two  hinged  rodS;  F,  to  open  and  shut  the  scoops.  To  the 
Tipper  collar,  a  small  wooden  platform,  ED,  is  fixed,  on  which  two  men  can 
stand  whose  weight  will  force  down  the  instrument ;  or,  in  working  below 
water^  an  iron  weight  can  be  substituted. 

4^A.«-A  lever  hinged  on  the  top  of  the  spear  to  open  the  jaws  of  th^ 
scoop  when  over  the  discharge  platform. 
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5(A.— There  ore  also  two  stops  on  the  spear,  and  a  spring  clasp,  C,  to 

keep  the  jaws  open  while 

the  scoop  is  being  lowered. 
The  action  is  very  simple. 

The  machine  is  slnng  over 

the  well  or  block  by  tackle 

and  pulleys  worked  by  a 

windlass,  from  any  conye- 

nient  form  of  staging ;  it  is 

lowered,  with  the  j  aws  in  the 

open  position,  tUl  it  rests  on 

the  bottom ;  the  two  attend- 
ants step  on  the  platform) 

and  one  with  his  foot  releases 

the  spring  clasp  ;  the  wind- 
lass men  at  once  wind  np, 
bnt  the  weight  of  the  men  keeps  the  scoop  from 
rising  till  the  jaws  have  closed  and  it  is  fall  of 
sand  :  then  all  rise  together ;  the  two  men  step 
off  on  the  sides  of  the  well,  and,  as  the  fall 
bucket  rises  to  the  level,  they  sway  it  over  a 
wooden  platform  at  the  side,  and  pull  smartly 
atthe lever;  thejaws open, and thecatchholds 
them ;  so  the  sand  falls  out  on  the  platform ;  the 
machine  swings  back,  and  is  immediately  lower- 
ed again,while  the  sand  is  shoyelled  or  run  away. 
This  can  be  repeated  at  the  rate  of  one  lift  per 
minute,  lifting  1^  to  1^  cubic  feet  each  time. 
414.  Deep-  Well  ExcavcUor.^^The  action  of 
this  Excavator  is  in  every  respect  similar  to  that  of  Fouracres'  ordinary 
Excavator  for  small  wells  with  this  exception,that  the  process  of  closing  the 
scoops  of  the  Excavator  is  performed  by  two  chains  and  a  windlass,  instead 
of  by  actual  pressure  by  men's  weight.  The  Excavator  is  lowered  into  the 
well,  in  the  position  shown  in  the  drawing  (Plate  LYI.)  by  the  chain  a, 
the  end  of  which  is  attached  to  a  windlass  in  any  conyenient  position :  as  the 
men  lower  the  cham  a,  those  at  the  windlass  b  wind  up  the  chains  c  which 
become  loose  as  the  Excavator  descends ;  when  the  Excavator  reaches  the 
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bottom  of  the  well,  the  catch  d  is  released  by  meane  of  the  rope  attached 
to  it,  and.the  scoops  are  closed  by  tightening  tip  the  chains  c,  which  draw 
down  the  collar/,  and  so  shut  the  scoops  upon  the  sand ;  when  the  Ex- 
cayator  has  taken  its  load,  the  men  at  the  windlass  attached  to  the  chain 
a,  wind  it  up,  and  those  at  the  windlass  5  nnwind  their  chain,  so  that  the 
Excayator  is  free  to  rise ;  when  the  machine  reaches  the  top  of  the  well 
it  is  swayed  oyer  the  side,  and  the  load  released  by  opening  the  scoope 
with  the  leyer  e,  which  is  hinged  to  render  the  machine  more  handy ; 
when  lowered  into  the  well  a  small  line  t  keeps  the  leyer  in  position  to 
t>reyent  it  fonling  the  side  of  the  well. 

The  pulleys  marked  g  through  which  the  chains  c  ran,  are  put  on  to  the 
well  when  the  curb  is  first  laid ;  the  tie-rods  ontside,  marked  A,  keep  the 
pulleys  in  their  places,  while  the  well  is  being  sunk  and  also  tie  the  well 
together,  to  preyent  the  lower  part  falling  in ;  they  also  keep  the  wind- 
lass h  on  the  top  of  the  well  firmly  in  its  place ;  when  the  well  is  sunk  to 
the  fall  depth,  the  outer  rods  are  driyen  down  clear  of  the  hook ;  the 
pulley  can  then  with  yery  little  trouble  be  extricated  from  the  curb,  for 
it  only  fits  loosely  into  wood ;  the  stirrup  rods  can  then  be  drawn. 
.  415.  8df'  Closing  Deep-  Well  Excavator. — The  Excavator  is  lowered 
into  the  well  in  the  position  shown  by  the  dark-lilied  portion  of  the  draw- 
ing, Plato  L  YII.,  with  the  exception  that  the  diagonal  arms  marked  (  are 
kept  up  in  the  position  shown  by  the  dotted  lines,  until  the  scoop  of  the 
Excayator  takes  the  ground ;  when  the  scoop  is  resting  on  the  grotmd, 
the  arms  (5)  are  lowered  by  means  of  the  rope  (c),  until  they  are  in  the 
position  shown  by  the  dark-lined  portion,  when  the  Excayator  is  thus  fixed 
as  it  were  at  the  bottom  of  the  well,  for  it  is  eyident  that  the  collar  a, 
(which  is  firmly  riyetted  to  the  main  rod  of  the  Excayator,)  is  completely 
preyented  from  moying  by  the  compression  of  the  diagonal  rods  h  upon  it, 
the  catch  marked  d  is  liberated  by  pulling  the  rope  attached  to  it ;  when 
this  is  done  the  men  at  the  windlass  commence  to  wind  up  the  main  chain, 
which,  being  passed  round  the  pulley  e,  and  fastened  to  the  collar  a,  draws 
down  the  collar  t,  and  so  presses  the  scoops  of  the  Excayator  into  the' 
ground ;  at  the  same  time  the  cross  head/,  attached  to  the  main  chain 
rises  *with  it,  and  as  it  rises  it  Hfts  the  ring  and  chain  g ;  the  length  of 
this  chain  is  so  adjusted,  that  at  the  same  time  as  the  jaws  are  closed, 
the  tension  of  the  chain  g  draws  away  the  diagonals  I  from  the  side  of  the 
well,  and  when  this  Is  done  the  whole  machine  is  free  to  rise  with  the  load. 

yOL.  X.^THIB2>  BDITZOM,  8  • 
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When  the  Exoarator  is  lifted  to  the  top  of  the  well  it  is  swiped  orer 
tiie  side,  and  a  chain  attached  to  the  scaffolding',  which  has  been  preTiooBly 
adjusted  to  the  correct  length,  is  hooked  into  the  hook  h ;  the  men  at 
the  windlass  then  lower  away,  and  as  the  chain  attached  to  the  hook 
becomes  tightened,  the  weight  of  the  Excavator  causes  the  scoops  to  opea 
and  discbarge  their  load,  and  at  the  same  time  the  machine  ie  re-set  leadj 
for  lowering  into  the  well. 

416.    The  well  ctirbt  used  on  theDebree  Dirision  were  of  anew  descrip- 
tion, and  while  beingTeryinezpensiTe,  were  found  anfficientforthepnrpoBe. 
The  cnrbs  were  simple  platforms  of  small  solid  bill  bamboos,  laid  close 
side  bj  side,  well 
lashed  at  the  cor- 
ners, and  with  un- 
der cleats  of  short 
lengths  lashed  on 
for  Btrengthenicg. 
All  creTices  were 
staffed  with  grass, 
and  eare  taken  that  no  bamboos  projected  beyond  the  masonry. 
When  ronnd  wells  are  to  be  sank,  tije  bamboo  corb  is  thna  made  :-~ 


JtuiJd  TThftl  md  Bamioou 
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A  monld  wheel  of  timber  abont  9  inches  by  4  inches  is  prepared,  whose 
inside  diameter  is  the  oatside  diameter  of  the  carb ;  holes  are  pierced 
throngh  this  to  receive  short  pieces  of  solid  hill  bamboos,  projecting 
inward  by  the  breadth  of  the  cnrb;  these  are  wedged  in ;  similar  bamboos, 
split  in  two,  are  now  coiled  roond  and  ronnd  (the  monld  wheel  being 
supported  2  feet  above  the  ground),  and  lashed  to  the  bamboos  tjll  the 
required  breadth  is  attained,  when  the  whole  is  aawa  out.    If  greater 
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Btiifness  ia  needed,  bamboos  can  be  coiled  both  above  and  below  tbe  cleats ; 

in  fact  a  wedge-shaped  curb  conld  be  made.    Bnt  the  single  bamboo  haa 

been  found  sufficient  to  sink  wells  6  feet  in  sand  without  cracking. 

The  cost  of  these  curbs  is  about  as  follows  :— 

BS.  A.  p. 

1.  Oblong  block,  10|  by  6  feet,  IS-inch  walls— 

40  bambooB,  smaU, •        ••        ••        0    5    0 

String, 0    2    0 

Labour, 0    2    0 

0    9    0 

2.  Circular  wells,  5  feet  inside,  6|  out— 

20  bamboos, 0    2    6 

String,  •        0    2    0 

Labour,  •        ••        ••        ..        0    2    0 

0    6    6 


Mi 


417.  Bull's  Hand  DRsnasR  (vide  PlctU  LYIII).— A  short  chain 
four  feet  long,  with  a  riug  in  the  centre,  should  be  attached  by  its  ends  to 
the  rings  on  the  chains  working  the  machine.  To  the  centre  ring  the  chain 
for  lowering  and  raising  the  machine  is  to  be  fixed,  of  a  length  greater  or 
less  according  to  the  depth  of  the  well.  .On  the  well  two  bullees  should 
be  fixed,  with  an  iron  block  made  fast  to  the  junction.  The  bullees  should 
not  be  less  than  10  or  12  feet  in  length,  stayed  on  either  side  to  the 
ground.  A  wooden  platform  6  feet  x  4  feet  composed  of  1  inch  8dl 
planks  made  fast  to  two  under  cross  pieces,  is  also  required,  and  two 
|-inch  ropes,  one  made  fast  to  the  key  keeping  the  jaws  of  the  machine 
open,  and  the  other  to  the  centre  ring  in  the  short  chain  first-mentioned. 

In  working,  the  machine  is  opened  on  the  wooden  platform  and  the 
key  fixed.  It  is  then  lowered  into  the  well,  and  on  reaching  the  bottom 
the  key  is  withdrawn ;  the  rope  attached  to  the  latter  E(hould  be  coiled  on 
one  side  of  the  platform  ready  for  use.  A  gentle  pullmg-and-giving  motion 
should  now  be  applied  with  the  rope  attached  to  the  centre  ring  of  the 
short  chain,  slowly  at  firetf  and  as  this  peculiar  motion  causes  the  jaw  of 
the  machine  to  sink  or  cut  irUo  the  sandy  the  strain  should  he  increased,  till 
there  is  no  further  yielding  to  the  pull  which  two  men  can  put  on  the 
rope.  The  machine  should  then  be  raised  and  landed  on  the  wooden 
platform.  The  operation  of  re-setting  it,  for  lowering,  releases  the  sub* 
soil  brought  up,  and  sayes  all  trouble  in  emptying. 
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The  aTdrage  quantity  bronght  np,  when  the  machine  is  properly  work* 
ed,  is  2  cubic  feet ;  and  in  a  well  of  12  feet  6  inches  diameter,  88  feet 
deep,  there  is  no  difficulty  in  working  it  25  times  in  an  hour. 

Three  men  on  the  top  of  the  well,  (not  including  those  employed  in 
removing  the  sand,  which  is  best  done  by  contract,)  and  15  men  to  pull, 
are  required  to  work  the  hand  dredger.  The  average  performance  per 
day  in  a  12  feet  6  inches  well  is  3  feet  of  sinkage  for  regular  work ;  and 
practically  speaking  the  depth  of  the  well  is  of  no  consequence,  the 
difference  of  time  taken  by  the  coolies  walking  10  or  50  feet  being  im- 
appreciable  as  compared  with  the  time  taken,  by  each  operation. 

The  dredger  is  principally  intended  for  working  in  sand,  but  brings  up 
anything  which  is  cut  up  so  that  it  can  grip  it.  The  motion  of  the  wells 
being  constant,  they  should  not  require  weighting ;  and  up  to  85  feet,  it 
has  not  been  found  necessary  to  weight  the  well. 

This  dredger  is  used  extensively  on  the  large  bridges  of  the  Oudh  and 
Jtohilcmd  Bailw^y,  and  for  the  Punjab  Northern  State  Bailways  in  pre- 
ference to  any  form  of  excavator. 

418.  Wbbb's  Bubaqubous  Excavator.— In  the  Madras  Railways 
another  form  of  Excavator  (as  illustrated  in  Plates  LIX.  and  LX.) 
somewhat  similar  in  principle  to  Fouracre's  and  Bull's,  has  been  used 
with  great  success. 

The  Excavator  is  a  cylinder,  from  which  about  a  fourth  part  is  re- 
moved, to  form  horizontal  and  vertical  cutting  edges,  a,  b,  in  both  Plates. 
It  is  formed  of  boiler  plate  rivetted  to  angle-iron  framing.  On  top  are 
two  iron  catches  0,  D,  which  receive  the  wrought-iron  bow  E;  this  slides 
up  and  down  the  square  guide  bar  F. 

To  the  uppw  side  of  this  bow  the  hoisting  chain  G  is  attached  by 
short  pieces  ^,  t,  while  underneath  a  pair  of  short  chains  ib,  I,  connect  it 
with  the  excavator. 

The  square  bar  F,  by  means  of  which  the  excavator  is  turned  and 
guided  in  its  ascent  and  descent,  together  with  its  capstan,  crab-winch, 
and  framing,  all  clearly  shown  in  the  drawings,  complete  the  apparatus. 
The  guide  bar  F  is  made  in  convenient  lengths,  connected  by  the  joint 
X,  and  carries  a  sliding  collar  N,  which  can  be  clamped  at  any  part  of 
1^,  by  means  of  a  pinching  screw  r. 

On  each  side  of  this  collar  a  hook  is  rivetted  for  the  purpose  of  sup- 
porting the  hoisting  chains  Q,  when  disconnected. 
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* 

The  hoisting  chain  ig  provided  with  special  links  every  siz  feet,  which 
Allow  of  its  separation  at  them. 

The  mode  of  using  the  Excavator  is  as  foUowd  : — The  frame  is  placed 
as  shown  in  Plate  LIX.,  over  the  cylinder  or  well  to  be  snnk,  and  the  bar  F 
dropped  to  the  bottom  of  it.  The  crab  barrel  is  then  thrown  out  of  gear, 
which  allows  the  excavator  to  descend  by  its  own  weight,  being  guided 
in  its  descent  by  the  bar  F,  which  passes  through  the  bow  E :  as  soon  as 
it  reaches  the  bottom  of  the  well,  the  hoisting  chain  G  is  disconnected  at 
one  of  the  links  provided  for  the  purpose,  the  upper  part  leading  from 
the  winch  being  hooked  to  the  frame  at  M,  while  the  lower  part  which  is 
connected  with  the  excavator  is  hooked  to  the  collar  N :  this  allows 
the  excavator  to  be  turned  without  getting  the  chain  0  twisted  round  the 
bar ;  the  men  at  the  capstan  then  give  a  few  turns  from  right  to  left, 
which  fills  the  excavator  (five  turns  are  generally  sufficient  to  do  so).  A 
quarter  turn  of  the  capstan  in  the  opposite  direction  releases  the  bow  E 
from  the  Excavator,  which  remains  embedded  in  the  material  being  ex- 
cavated ;  the  chain  G  is  now  nnhooked  at  N,  M,  and  joined  up  as  before, 
and  the  bow  E  drawn  up  by  turning  the  winch  W ;  as  soon  as  it  is  raised 
to  the  extent  of  the  chains  k^  2,  it  lifts  the  Excavator,  and  at  the  same 
time  tilts  it  as  shown  in  Plate  LX.,  in  which  position  it  is  drawn  to  the  top 
and  eitiptied  into  a  truck  provided  for  the  purpose ;  or  to  save  time,  the 
fall  Excavator  may  be  removed,  and  an  empty  one  hooked  on  to  the 
chains  k,  I ;  so  that  when  this  comes  up  full,  the  former  one  will  be  ready 
to  take  its  place,  to  be  again  lowered  and  filled. 

The  inventor  states  that  the  most  useful  sizes  are  1  foot  6  inches 
diameter  by  9  inches  deep,  and  2  feet  diameter  by  1  foot  deep  (the  fom^er 
size  being  suited  to  hard  material,  such  as  stiff  clay,  &c.,  and  the  lattw  to 
softer  stuff,  as  mud,  sand,  &c.)  :  that  this  Excavator  will  raise  per  day  on 
an  average,  60  cubic  feet  of  hard  material,  such  as  stiff  clay  and  laterite 
gravel,  from  a  depth  of  50  or  60  feet  below  water,  when  worked  exchnsively 
hy  men  ;  that  this  rate  may  be  increased  to  180  cubic  feet  per  day,  if  a 
steam  crab  or  hoist  be  used  ;  and  that  probably  double  these  quantities 
of  soft  stuff  would  be  rused.  Six  men  are  sufficient  to  work  this  ma- 
chine. 

The  inventor  ftirther  says,  that  the  cost  of  the  Excavator  complete 
with  frame,  crab,  chains,  &c.,  would  be  about  Bs.  300,  and  a  royalty  of 
£50  per  annum  for  the  use  of  each  machine  wHl  be  ohaiged. 
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« 

The  cost  of  a  iteam  winch  4-horge  power  with  boiler  and  steam  fit* 
tmgs  complete  wonld  be  about  Bs*  1,800.  Assmning  these  data,  the 
cost  of  working  would  be,  as  under  ;—  ; 

By  ManiHol  Labour, 

ittL   ▲•  P. 

6  Men,  at  Bi.  0-6-0  per  day,. •        ••••••  9     4  0                                    \ 

lMi8tri,fttBa.          10  0                                      i 

Wear,  depreciation  of  machineiy,  repain  at  25  per  |  0     8  10 

oent.  per  annum  on  yalne,  Rb.  800,         •  •        ••  j 

Boyalfy  on  patent,  Ra*  600  per  annmn,      ••        ••  19  7 

Cost  per  daj,    ••        ••        ••      Total,  5     15 

for  60  cubic  feet  excavated,  or  a  rate  of  Bs.  0-1-4  per  cubic  foot  =  Bs. 

8-4-0  per  cubic  jard. 

Sf  8uam  Power. 

B&  A.  P. 

1  Ens:ine-driFer,  at  Rs.  1  per  daj,  ••        ••        ••    1     0  0 

1  Stoker,  at  Ra.  0-8-0,  *    ••        ••    0     8  0 

7  Men  coolies,  at  Rs.  0-4-0,  ••        ••        ••        ••    1    12  0 

2i  Cwi  coal,  at  Ra.  80  a  ton,  \ 8    12  0 

lib.  Oil,       ••  , 0      2  0 

25  Per  oent  on  Ra.  2,100  for  wear,  depreciation, )  i    lo  10 
and  repairs  of  machinery,     •  •        •  •        •  •  f 

Royalty  on  patent,     ••        ••        • 19  7 

Coat  per  day,  • Total,  10     6     5 

Quantity  excayated  180  cubic  feet,  or  a  rate  of  Bs.  0-0-11  per  cubic 
foot,  or  Bs.  1-8-9  a  cubic  yard. 

If  wood  fuel  be  used,  the  cost  would  be  for  fuel  7^*  cwt.,  at  Bs.  8 
per  ton  =  Bs.  1-2-6.  This  would  reduce  the  cost  of  working  to  Bs. 
7-12-11  a  day  =  Bs.  0-0-8  per  cubic  foot,  or  Bs.  1-2-0  per  cubic  yard. 
This  Excayator  had  a  prolonged  practical  trial  in  sinking  the  Iron 
Cylinder  foundations  for  the  Kudlahoondy  Bridge,  Madras  Bailway. 
Twenty-six  cylinders  6  feet  diameter,  were  sunk  by  means  of  these 
excayators  to  depths  of  from  87  feet  to  65  feet  below  the  water  leyel, 

through    2   feet  of  mud. 
„        10        „       sand. 
„        25        „       blue  day. 
„        15        „       laterite  grayel,  yery  hard. 
„  8        „       decayed  granite. 

The  aboye  trial  proyes  beyond  doubt  its  practical  yalue. 


PLATE  LX. 


WEBffS  SUBAQUEOUS  EXCAVATOR. 

in 


t 


foundatiossa  415 

149.  Sand  pump  (yide  Plate  LXI). — A  machine  called  the  Sand 
pump  has  of  late  years  been  mach  employed,  chiefly  on  the  large  Bailway 
Bridges,  which  is  decidedly  superior  to  the  jAom  especially  when  the  depth 
of  sinking  is  great ;  but  it  is  not  preferred  by  all  Engineers  to  the  ez- 
cayators  and  hand  dredgers  abore  described. 

It  consists  oT  a  cast  iron-cylinder  8  feet  in  diameter  and  2  feet  high, 
closed  at  top  with  an  air-tight  cover,  in  which  are  several  holes  fitted 
with  leather  or  indian-mbber  yalves  opening  upwards.  Above  this  cover 
is  a  smaller  cast-iron  cylinder,  1  foot  long,  and  10  inches  in  diameter, 
in  which  is  a  leaden  piston  which  works  easily  np  and  down,  having 
four  valves  in  it,  also  opening  npwards.  This  piston  is  worked  by  a  rod 
2  feet  long,  having  an  eye  on  the  npper  end  for  the  pnmping  tackle. 

The  large  cylinder  has  also  a  bottom  cover,  which  is  however  remov- 
able, and  to  the  centre  of  which  is  fitted  the  suction  pipe,  as  shown  in  the 
drawing.  This  cover  is  held  in  its  place  by  lugs  fastened  with  cotter 
pins.  On  the  lower  part  of  the  pipe,  radiatmg  cutters  are  now  generally 
fixed,  made  of  j^^ch  plate  iron  sharpened  and  steeled  at  the  edge,  and 
9  inches  deep. 

In  working—- the  pump  is  lowered  to  the  bottom  of  the  well  by  means 
of  tackle  connected  with  eyes  cast  on  the  sides  of  the  large  cylinder* 
If  anything  hard  is  met  with,  the  pump  can  be  lifted  about  4  feet,  and 
jumped  up  and  down  until  the  cutters  have  broken  it.  When  once  fixed 
in  the  sand,  the  piston  of  the  pump  is  worked  up  and  down  by  means  of 
a  rope  and  pulley,  until  the  resistance  shows  that  the  larger  cylinder 
is  fall,  or  nearly  so,  of  sand  and  water,  when  the  pump  itself  is  raised 
to  the  surface.  Then  one  of  the  trollies,  which  work  on  a  tramway,  being 
run  over  the  centre  of  the  pier,  receives  the  pump.  The  cotter  pias  are 
then  knocked  out,  and  the  lug&  turned  round—the  body  of  the  pump  ia 
Ufted,  and  the  bottom  is  left  on  the  trolly  with  its  load  of  sand.  The 
trolly  is  then  pushed  away,  another  run  under  with  a  spare  bottom,  which 
is  fitted,  and  the  pump  descends  while  the  first  bottom  is  being  cleared  out* 

The  pumps  can  be  lowered  and  raised  either  by  a  gang  of  men  work*> 
ing  by  an  ordinary  pulley  and  chain ;  or  what  is  better,  by  a  steam  hoist. 

The  work  done  by  means  of  these  sand  plumps  is  very  greatly  in  excess 
of  what  can  be  done  by  the  ordinary /Aom,  especially  when  the  depth  of 
water  is  great.  On  the  Delhi  Railway,  where  they  were  in  extensive  use, 
the  18^  feet  diameter  masonry  wellS|  which  form  the  pier  foundations  to 
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the  bridges^  hare  b^n  sunk,  40  feet  through  said  snd  watery  with  an 
interyeniiig  stratum  of  clay  6  foet  thick  and  16  feet  from  the  surface,  and 
a  depth  of  8  to  7  feet  has  been  eoni^tantly-  achieved  in  one  day.  The 
pumps  will  also  lift  bricks  and  stones  if  not  too  large  far  the  suction  pipe. 

420;  Foundations  in  Watet.— -In  laying  foundations  in  water,  two 
difiCiculties  hare  to  be  overcome,  both  of  which  require  greai  resources  and 
oare  on  the  part  of  the  engineer.  The  first  is  found  in  the  means  to  be 
used  in  preparing  the  bed  of  the  foundation  :  and  the  second,  in  securing 
the  bed  from  the  action  of  the  water,  to  ensure  the  safety  of  the  founda- 
tions. The  last  is,  generally  the  more  difficult  problem  of  the  two ;  for  a 
euzrent  of  water  will  gradually  wear  away,  not  only  every  variety  of  loose 
soils,  but  also  the  more  tender  rocks,  such  as  most  variety  of  sandstone 
and  the  calcareous  and  argillaceous  rocks,  particularly  when  they  are 
stratified,  or  are  of  a  loose  texture. 

To  prepare  the  bed  ot  a  foundation  in  etagnant  water,  the  only  diffi-^ 
culty  that  presents  itself  is  to  exclude  the  wat^  from  the  area  on  which 
the  structure  is  to  rest.  If  the  depth  of  water  is  not  over  4  feet,  this  is 
done  by  surrounding  the  area  with  an  ordinary  water-tight  dam  of  clay,  or 
of  some  other  binding  earth.  For  this  purpose,  a  shallow  trench  is  form- 
ed around  the  area  by  removkg  t^  soft,  or  loose  stratum  on  the  bottom ; 
<he  foundation  of  the  dam  is  commenced  by  filling  this  trench  with  the 
elay,  and  thodam  is  made  by  spreading  successive  layers  of  day  about  one 
foot  tiiiok,  and  pressing  each  layer  as  it  is  spread,  to  render  it  more  com- 
pact. When  the  dam  is  completed,  the  water  is  pumped  out  from  the  en- 
dosed  area,  and  the  befd  for  the  foundation  is  prepared  as  on  dry  land. 

4SL  CoF9Bn-DAM.— When  the  depth  of  stagnant  water  is  over  4 
feet,  and  in  running  water,  of  any  depth,  the  ordinary  dun  must  be  replae- 
ed  by  the  Coffsr-dam.  This  construction  consists  of  two  rows  <A  planks 
or  Sheeting  piUs,  driven  into  the  soil  vertically,  forming  thus  a  coffer-work, 
between  which  clay  or  binding  earth,  termed  the  Fuddling,  is  filled  in,  to 
form  a  water-tight  dam  to  exclude  the  water  from  the  area  enclosed^ 

The  arrangement,  oonstructions,  and  dimensions  of  coffer-dams  depend 
on  their  specific  object,  the  depth  of  water,  and  the  nature  of  the  subsoil 
on  which  the  coffer-dam  rests* 

With  regard  to  the  first  point,  the  width  of  the  dam  between  the  sheet- 
ing piles  should  be  so  regulated  as  to  serve  as  a  scaffolding  for  the  machi- 
nery and  materialB  required  about  the  work.    This  is  peculiarly  requisite 
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where  the  coffer-dam  encloses  an  isolated  poeition  remoTed  from  the  shore. 
The  iaterior  space  enclosed  by  the  dam  should  have  the  requisite  capacity 
for  receiving  the  bed  of  the  foundations,  and  ench  materials  and  machi- 
nery as  may  be  required  within  the  dam. 
;  The  width,  or  thickness  of  the  coffer-dam,  by  which  is  nnderstood  the 
distance  between  the  sheeting  piles,  should  be  enfBcient  not  only  to  be  im- 
permeable to  water,  but  to  fonn,  by  the  weight  of  the  puddling,  in  combi- 
nation with  the  resistance  of  the  timlier  work,  a  wall  of  sofQcient  strength 
to  resist  the  horizontal  pressure  of  the  water  on  the  exterior,  when  the 
interior  space  is  pumped  dry.  The  resistance  offered  by  the  weight  of 
the  puddling  to  the  pressure  of  the  water  can  be  easily  calculated  ;  that 
offered  by  the  timber  work  will  depend  upon  the  manner  in  which  the 
framing  is  arranged,  and  the  means  taken  to  ttai/  or  buttress  the  dam 
from  the  enclosed  epace. 

423.  The  moet  simple  and  the  usual  constniction  of  a  ooSii-iim 
consists  in  driving  a  row  of 
ordinary  straight  piles  (a) 
aronndthearea(B)  to  be  en- 
closed, placing  their  centre 
lines  aliunt  4  feet  asunder. 
A  second  row  (a')  is  driven  | 
parallel  to  the  first,  the  re- 
spective piles  being  the  same 
distance  apart ;  the  distance 
a  a'  between  ihe centre  lines 
of  the  two  rows  being  so 
regulated,  as  to  leave  the 
requisite  thickness  between 
the  sheeting  piles  for  the 

dam.  The  piles  of  each  row  are  connected  by  a  horizontal  beam  of 
sqnare  timber,  termed  a  string  or  wale  piece,  b,  b',  placed  a  foot  or  two  above 
the  highest  water  line,  and  notched  and  bolted  to  each  pile.  The  string 
piece(£')of  the  inner  row  offiles  is  placed  on  the  side  next  to  the  area  en- 
closed,and  those  h  of  the  onterrow  on  the  outside.  Cross-beams  x  of  square 
timber  connect  the  string  pieces  of  the  two  rows,  upon  which  they  are 
notched,  serving  both  to  prevent  the  rows  of  piles  from  epreadmg  fitim 
ttte  pressure  that  may  be  thrown  on  them,  and  as  t,  joiating  for  the  H«f- 
TOL.  I. — raiBD  iniTios.  8  s 
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folding.  On  the  opposite  sides  of  the  rows,  interior  string  pieces  c,  c^  Kt6 
placed,  abont  the  same  level  with  the  exterior,  for  the  purpose  of  serring 
both  as  guides  and  supports  for  the  sheeting  piles.  The  sheeting  piles  d,df 
being  well  jointed,  are  driren  in  juxtaposition,  and  againt  the  interior 
string  pieces.  A  third  course  of  string,  or  rihbon  pieces  /,  /,  of  smaller 
scantling  confine,  by  means  of  large  spikes,  the  sheeting  piles  against  the 
interior  string  pieces. 

As  has  been  stated,  the  thickness  of  the  dam  and  the  dimensions  of  the 
timber  of  which  the  coffer  work  is  made,  will  depend  upon  the  pressure 
due  to  the  head  of  water,  when  the  interior  spac^  is  pumped  dry.  For 
extraordinary  depths,  the  engineer  would  not  act  prudently  were  he  to 
neglect  to  verify  by  calculation  the  equilibrium  between  the  pressure  and 
resistance;  but  for  ordinary  depths  under  10  feet,  a  rule  followed  is  to 
make  the  thickness  of  the  dam  10  feet ;  and  for  depths  over  10  feet  to 
give  an  additional  thickness  of  one  foot  for  every  additional  depth  of  three 
feet.  This  rule  will  give  every  security  against  filtrations  through  the 
body  of  the  dam,  but  it  might  not  give  sufficient  strength  unless  the 
scantling  of  the  coffer  work  were  suitably  increased  in  dimensions. 

423.  The  main  inconvenience  met  with  in  coffer-dams  arises  from  the 
difficulty  of  preventing  leakage  under  the  dam.  In  all  cases  the  piles  must 
be  driven  into  a  firm  stratum,  and  the  sheeting  piles  should  equally  have  a 
firm  footing  in  a  tenacious  compact  sub-stratum.  When  an  excavation  is 
requisite  in  the  interior  to  uncover  the  subsoil  on  which  the  bed  of  the 
foundation  is  to  be  laid,  the  sheeting  piles  should  be  driven  at  least  as 
deep  as  this  point,  and  somewhat  below  it  if  the  resistance  offered  to 
the  driving  does  not  prevent  it. 

The  puddling  should  be  formed  of  a  mixture  of  tenacious  clay  and  sand, 
as  this  mixture  settles  better  than  pure  clay  alone.  Before  placing  the 
puddling,  all  the  soft  mud  and  loose  soil  between  the  sheeting  piles  should 
be  carefully  extracted ;  the  puddling  should  be  placed  and  compressed 
in  layers,  care  being  taken  to  agitate  the  water  as  little  as  practicable. 

With  requisite  care,  coffer-dams  may  be  used  for  foundations  in  any 
depth  of  water,  provided  a  water-tight  bottoming  can  be  found  for  the 
puddling.  Bandy  bottoms  offer  the  greatest  difficulty  in  this  respect,  and 
when  the  depth  of  water  is  over  5  feet,  extraordinary  precautions  are 
requisite  to  prevent  leakage  under  the  puddling. 

424.  Seotee  Coffer-dam, — ^The  following  is  the  Specification  for  the 


eoffer-dtm  nwd  for  lajiiig  in  the  fonndAtion  on  the  SMtee  Bridge,  Grwt 
Decun  Bosd  :— 

-  Eftlf  Rinlle  ftboTettieilte  of  th«  bridge  the  b«d  of  the  river  eoDtlitientirelj  of  und- 
■tons  iDok,  which  ii  coiuiderabl}  hrokeo  np  end  throirn  eboat  in  muiei,  At  lite  the 
bed,  to  a  depth  of  4  feet,  ia  of  lend  end  btuigrrl,  Itjlng  on  a  iCratoni  of  blae  loan 
of  deniity  and  tenacltf  gri'laallr  inereasing  nitb  the  depth.  At  10  feet  the  khI  Ii 
linn  aud  tenaoloiu  end  can  be  tnuted.  The  drj'  weather  itream  ia  kboat  13  inehea 
deep. 

ThereuoD  ftv  eelectJnft  coffer-dam  Inatead  of  well  or  block  fonndaUoDBln  this  case, 
b  the  high  probabilitj  of  meedng  with  large  bonlder  itonea  or  blaba  of  the  unditone 
rock  from  np-itream,  belded  at  ■  depth  below  the  larface,  which  wonld  interfere 
greatlj  with  the  ainkage  of  the  blocki,  and  probably  altogether  fnutrate  any  attempt  tt 
obtaining  i  aecnre  fonadatiou  b;  tboao  meana, 

The  natnre  of  the  lab-Btxatam,  moreoTer,  while  it  affords  facilitie*  for  the  coDitmo- 
tion  of  a  coffer-dam,  wonld  canae  much  labonr  to  the  wa1l-«nker. 

Tbe  coffer-dam  will  conalit  of  a  eingie  line  of  ebeet-piling  drireu  and  aecnied  ai 
hereafter  shown  for  the  fonndstion  of  one  of  the  piera. 

Tbe  timber  for  the  piles  to  beof  iJfwood,tobecarefQll7Klectod,itiBlght-gT«ined, 
free  from  knot*  aod  ring  ebakee. 

The  gaoge  piles  slone  will  be  rang  with  an  iron  hoop  8X1  VDchea  j  thcM  will  alio 
be  shod  with  cast-iron  ahoee  of  the  form  ahown  in  the  diagram,  with  •  aqnate  abnt- 
ment  for  the  pile  to  rett  on. 

Tbe  sheeting  piles  will  not  be  shod,  bpt  the  end  will  be  cut  with  an  inclined  edge 
to  give  the  pile  a  drift  towards  the  next  pile.  The  abeeting  piles  will  sU  be  carefoUj 
fltted  to  each  otiier  before  drlTing  to  ensnre  close  eontacL 

The  wedge  piles  wilt  be  tspered  2  iachea  in  a  regnlar  taper  for  the  loww  6  fMt,  the 
■idea  of  the  npper  9  feet  being  left  parallel. 

The  sptoe  to  be  inclowd  is  in  the  dear  IS  X  10  feet  within  the  abeeting.     Each 


long  aide  will  b«  divided  into  Ceqtialbafi,  6  feet  Slnohai  kn^  uuhi  ud  eaoh  qad. 
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into  2  bajg  of  4  feet  5  inches  each,  bj  gani;,'e  piles  9  inches  square,  driren  17  feet, 
below  the  water  line  and  standing  5  feet  6  inches  above  it 

The  sheet  piles  will  all  be  9  inches  by  4  inches,  and  driven  15  feet  below  the  water 
line,  with  their  heads  I^  feet  above  the  water  line. 

When  the  guage  piles  are  driven  to  their  proper  depth,  two  rowa  of  temporary 
dooble  walings  6  inches  by  4  inches,  will  be  bolted  on  ;  the  upper  one  to  be  4  feet 
above  the  water  line,  and  the  other  as  low  as  it  can  be  fixed,  bat  not  within  4  feet 
of  the  npper.    The  walea  will  be  fixed  to  the  gauge  piles  by  f -inch  iron  bolts  and 

nats. 

The  sheet  piles  to  fill  op  the  bays  arc  to  be  driven  truly,  and  each  bay  keyed  in  with 
a  wed«re  pile  to  make  the  dam  water-ti^hL 

When  the  piles  are  all  driven,  behind  each  gange  pile  and  at  8  feet  distance 
from  it,  on  the  ontside,  a  pile  6x6  inches  will  be  driven  10  feet,  its  head  standing 
1|  feet  above  the  water  line.     Through  mortisee  in  the  head  of  this  and  of  its  corre- 


■■ 


spending  gauge  pile,  a  piece  of  2|  X  |  inches  flat  bar  iron  will  be  passed,  throngh 
slots  in  which  wedge  keys  will  be  driven,  against  iron  plates  laid  against  the  piles. 

A  shore  of  timber  6X6  inches  will  be  laid  across  between  the  heads  of  the  pair 
of  gauge  piles,  A  A,  on  each  side  of  the  centre  of  the  dam. 

The  excavation  will  then  be  commenced,  and  having  cleared  5  feet,  the  upper  row 
of  wales  will  be  taken  off  and  fixed  at  that  depth  against  the  inside  of  the  dam,  spur- 
red and  strutted  acrote  to  add  to  its  stiffness. 

As  the  ezcayation  proceeds  the  water  will  be  baled  out,  and  the  seams  between  the 
piles  will  be  well  caulked  and  payed  with  oakum  and  tar. 

Simultaneously  with  the  interior  excavation,  and  carried  on  with  it  to  equal  depths, 
the  soil  will  be  removed  from  the  outside  to  as  great  a  depth  with  a  limit  of  10  feet 
below  water  line  as  possible.  This  will  be  filled  with  puddled  clay.  It  is  expected 
that  if  the  exterior  can  be  thus  cleared  to  a  depth  of  7  feet  below  water,  there  will  be 
no  difficulty  in  laying  the  interior  of  the  dam  nearly  dry. 

When  the  interior  excavation  has  reached  10  feet  below  the  water  line,  and  been 
brought  to  a  level,  a  bed  of  concrete  12  inches  thick  will  be  oarefnlly  laid  in,  the  dam 
having  been  previously  permitted  to  fill  with  water.  The  concrete  will  be  carefully 
lowered  in  baskets,  and  be  brought  to  a  level  on  ito  surface.  This  will  be  allowed  to 
lie  undisturbed  nntil  thoroughly  set,  which  should  occur  in  20  days,  when  the  water 
will  be  thrown  out,  and  the  construction  of  the  foundation  proceed  in  stone  laid  in 
cement. 

As  the  masonry  rises,  good  strong  day  will  be  rammed  in  roond  the  work,  so  as 
completely  to  fiU  the  space  between  the  dam  and  the  pier, 
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As  tbere  would  be  dano^er  of  disturbing  the  bed  by  drawing  tbe  piles,  t2i6j  will  be 
cut  off  on  completion  of  the  work  at  6  inches  below  the  water  line. 

42&.  Caisson. — When  the  depth  of  water  is  great,  or  when,  from  the 
permeability  of  the  soil  at  the  bottom,  it  is  difficult  to  preyent  leakage,  a 
coffer-dam  may  be  a  less  economical  method  of  laying  foundations  than 
the  caisson.  The  Caisson  is  a  strong  water-tight  vesSel  haying  a  bottom 
of  solid  heayy  timber,  and  yertical  sides  so  arranged,  that  they  can  be 
readily  detached  from  the  bottom. 

A  bed  is  prepared  to  receiye  the  bottom  of  the  caisson,  by  leyelling 
the  soil  on  which  the  structure  is  to  rest,  if  it  be  of  a  suitable  character 
to  receiye  directly  the  foundation  ;  or  by  driying  large  piles  through  the 
upper  compressible  strata  of  the  soil  to  the  firm  stratum  beneath.  The 
heads  of  the  piles  are  sawn  off  on  a  leyel  to  receive  the  bottom  of  the 
caisson. 

426.  It  is  essential  that  tbe  bed  shall  be  leyel,  otherwise  the  cross 
strain  on  the  unsupported  parts  of  the  timbers,  leads  to  fractures  and 
dangerous  moyements  in  the  superstructure,  as  in  the  well  known  case  of 
Westminster  Bridge.  In  hard  ground  which  cannot  be  leyellcd,  and 
where  piles  (as  suggested  as  aboye)  cannot  be  used,  a  bottomless  caisson 
should  be  used,  lined  with  tarpaulin  allowed  to  adapt  itself  freely  to  the 
form  of  the  bed,  and  b^ton  can  then  be  lowered  to  the  bottom  ( as  de- 
scribed in  para.  128,  of  the  Chapter  on  Limes  and  Concretes).  The 
loose  tarpaulin  lining  is  essential  to  protect  b^ton  while  filling  up  all 
the  inequalities  ot  the  bed  from  the  washing  action  of  the  water,  before 
it  has  had  time  to  set.  If  the  hard,  uneyen  bed  be  thus  leyelled,  and 
floored  with  b^ton,  the  foundations  may  be  carried  up  within  the  caisson 
with  masonry,  brick-work,  &c.,  as  preferred. 

427.  If,  howeyer,  an  ordinary  caisson  with  a  timber  bottom  be  used, 
before  settling  it  on  its  bed,  it  must  be  floated  to  and  moored  oyer  it ; 
and  the  masonry  of  the  structure  is  commenced  and  carried  up,  until  the 
weight  grounds  the  caisson.  The  caisson  should  be  so  contrived,  that  it 
can  be  grounded,  and  afterwards  raieed|  in  case  that  the  bed  is  found  not 
to  be  accurately  leyelled.  To  effect  this,  a  small  sliding  gate  should  be 
placed  in  the  side  of  the  caisson,  for  the  purpose  of  filling  it  with  water 
at  pleasure.  By  means  of  this  gate,  the  caisson  can  be  filled  and  ground- 
ed, and  by  closing  the  gate  and  pumping  out  the  water,  it  can  be  set  afloat. 

After  the  caisson  is  settled  on  its  bed,  and  the  maBonry  of  the  stracture 
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is  raised  above  tbe  eturfaee  of  the  water,  the  sidei  are  detached,  by  flnt 
unscrewing  the  nuts  and  detaching  the  rods,  and  then  taking  off  the  top 
cross  pieces.  By  first  filling  the  caisson  with  water,  this  operation  of 
detaching  the  sides  can  be  more  easily  performed. 

428.  Pierre  Perdue  Fauvdatiane, — Where  the  area  occupied  by  a 
stmctnre  is  very  considerable,  and  the  depth  of  water  great,  the  methods 
which  hare  thus  far  been  explained  cannot  be  used.  In  such  cases  a  firm 
bed  is  made  for  the  stmcture,  by  forming  an  artificial  island  of  loose  heayy 
blocks  of  natoral  stone  or  prepared  b^ton  (as  mentioned  in  the  Chapter  on 
** Concretes"  para.  128),  which  are  spread  over  the  area,  and  receire  a 
batter  of  from  one  perpendicular  to  one  base,  to  one  perpendicular  and  six 
base,  according  to  the  exposure  of  the  bed  to  the  effects  of  wayes.  This 
bed  is  raised  several  feet  above  the  surface  of  the  water,  according  to  the 
nature  of  the  stmcture,  and  the  foundation  is  commenced  upon  it. 

429.  To  giro  perfect  security  to  foundations  in  running  .water,  the 
soil  around  the  bed  must  be  protected  to  some  extent  from  the  action  of 
the  current  The  most  ordinary  method  of  effecting  this,  is  by  throwing 
in  loose  masses  of  broken  stone  of  sufficient  size  to  resist  the  force  of  the 
current.  This  method  will  give  all  required  security,  where  the  soil  is 
not  of  a  shifting  character,  like  sand  and  grayel.  To  secure  a  soil  of 
this  last  nature,  it  will  in  some  cases  be  necessary  to  scoop  out  the  bot- 
tom around  the  bed  to  a  depth  of  from  8  to  6  feet,  and  to  fill  this  exca- 
Tated  part  with  b^ton,  the  surface  of  which  may  be  protected  from  the 
"wear  arising  from  the  action  of  the  pebbles  carried  oyer  it  by  the  currenty 
by  coyeiing  it  with  broad  flat  flagging  stones. 
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480.  The  name  of  Betaming  wcUl  is  applied  generally  to  all  tralla 
built  to  support  a  mass  of  earth  in  an  npright  or  nearly  npright^  posi- 
tion ;  bnt  the  term  is,  strictly  speaking,  restricted  to  walls  built  to  retain 
an  artificial  bank,  those  erected  to  sustain  the  face  of  the  solid  ground 
being  called  Breast  walli.  Fig,  1. 

Betaining  walls. — Many 
rules  haye  been  giyen  by  dif- 
ferent writers  for  calculating 
the  thrust  which  a  bank  of 
earth  exerts  against  a  retain- 
ing wall,  and  for  determining 
the  form  of  wall  which  af- 
fords the  greatest  resistance 
with  the  least  amount  of 
material.*  The  application 
of  these  rules  to  practice  is,  howerer,  extremely  difficult,  because  we  haye 
no  means  of  ascertaining  the  exact  manner  in  which  earth  acts  against  a 
Wall ;  the  rules  are,  therefore,  of  yalue  only  in  determining  the  general 
principles  on  which  the  stability  of  these  constructions  depends,  and  the 
rates  in  which  pressure  and  resistance  increase  with  reference  to  known 
causes ;  and  although  conclusions  thus  obtained  cannot  be  exact,  they 
serye  as  approximations.  A  calculation  known  to  be  right  within  certain 
limits  is  better  than  a  mere  guess,  and  will  preyent  serious  mistakes 
from  being  committed,  especially,  as  in  these  cases,  the  calculations  should 
always  be  founded  on  a  supposition  less  fayorable  to  stability  than  thd 
Actual  circnmstances  of  the  case. 

•  Sm  a  MriM  of  TOT  able  papen  by  J.  H.  B.  Hart,  Jkq.,  CJS.,  in  Um  "  rrofettloiua  Papen  oa 
Indian  Xncloivlng*** 
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481.  Oalealation  of  Stability. — The  caloalation  of  the  stabilitj  o^ 
a  retaining  wall  diyides  itself  into  two  parts. 

1<^— The  thrust  of  the  earth  to  be  sapported. 

2nd. — The  resistance  of  the  wall. 

The  line  ofruptureis  that  along  which  separation  takes  place  in  case  of 
a  slip  of  earth  (see  BE,  Fig.  2).  The  slope  which  the  earth  would  assume, 
if  left  totally  unsupported,  is  called  the  natikral  slope {  B  F),  and  it  has  been 
found  that  the  line  of  rupture  generally  divides  the  angle  formed  by  the 
natural  slope  and  the  back  of  the  wall  when  yertical,  into  nearly  equal 
parts. 

The  centre  of  pressure  is  that  point  in  the  back  of  the  wall,  above  and 
below  which  there  is  an  equal  amount  of  pressure ;  and  this  has  been  found 
by  experiment  and  calculation  to  be  at  two-thirds  of  the  yertical  height 
of  the  wall  from  its  top. 

Amount  and  Direction  of  t\e  Thrust, — The  real  thrust  of  any  bank  will 
depend  on  a  variety  of  conditions  which  it  is  impossible  to  reduce  to  cal- 
culation :  for,  although  we  may  by  actual  experiments  with  nand,  gravel, 
and  earths  of  different  kinds,  obtain  data  whence  to  calculate  the  thrust 
exerted  by  them  in  a  perfectly  dry  state,  another  point  must  be  attended 
to  when  we  attempt  to  reduce  these  results  to  practice,  viz.,  the  action  of 
water,  which,  by  destroying  the  cohesion  of  the  particles  of  earth,  brings 
the  mass  of  material  behind  the  wall  into  a  semi-fluid  state,  rendering  its 
action  more  or  less  similar  to  that  of  a  fluid  according  to  the  degree  of 
saturation. 

The  tendency  to  slip  will  also  very  gpreatly  depend  on  the  manner  in 
which  the  material  infilled  in  against  the  wall.  If  the  ground  be  benched 
out  {see  Pig,  1 ),  and  the  earth  well  punned  in  layers  inclined/rom  the  wall, 
the  pressure  will  be  very  trifling,  provided  only  that  attention  be  paid  to 
surface  and  back  drainage.  If  on  the  other  hand,  the  bank  be  tipped,  in 
the  manner  too  frequently  permitted,  in  layers  sloping  towards  the  wall, 
a  greater  pressure  of  the  earth  will  be  exerted  against  it,  and  it  must  be 
made  of  corresponding  strength. 

482.  In  dry  earth  cohering  until  disturbed,  the  amount  of  thrust  may 
be  calculated  as  follows : — 

The  slope  which  the  earth  to  be  supported  would  assume  when  left  to 
itself  being  ascertained,  the  line  of  rupture,  and  the  weight  of  the  prism 
of  earth  liable  to  slip  down  that  line,  are  thence  found. 
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Let  the  accompanying  figure  represent  an  npright  rectangular  retain- 
ing wall,  whose  top  is  on  a  level  with  the  surface  of  the  mass  retained ; 
BF  being  the  line  of  natural  slope  and  BE  the  ]ia,e  of  rupture  bisecting 
the  angle  a, 

BDE  is  the  mass  tending  to  oyertnm  the  wall,  and  as  the  weight  of 

this  mass  acts  yerti- 
cally  along  the  line 
GO ;  (0  being  its  cen- 
tre of  gravity;)  the 
direction  of  this  force 
meets  the  plane  BB 
inO. 

Now,  the  mass 
BDE  is  kept  in  its 
place  by  the  follow- 
ing forces,  viz.  :— 
B,  the  re-action  of  the  plane  BE,  at  right  angles  to  the  plane. 
P,  the  resistance  of  the  wall,  at  right  angles  to  the  back  of  the  wall. 
/  B,  the  friction  actmg  along  the  plane  BE,  (/being  the  co-efficient 

of  friction  of  the  earth,)  and 
W,  the  weight  of  the  mass. 

It  may  be  shown  that  the  point  N,  the  centre  of  pressure  of  the 
earth  against  the  wall,  is  one-third  of  the  height  of  the  wall  from  the 
base — for, 

Ka :  GE ::  1 : 2,  but  kg  :  gb  ::b.o  :  oe 

::bn  :  nd 

.-.  BN  :  nd::i  :  2,orBN=-^ 

The  friction)  /  B  is  some  fraction  of  the  pressure  B,  /  being  the  co- 
efficient of  friction.    But  as  BF  is  the  line  of  natural  slope  of  the  earth, 

/=  tan  0  =  cot  a  =  -r-^« 

Besolving  these  forces  as  follows — 

=sBcos|— /Bsm^sBcosj-  B  ^—  smr» 
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and  P  e  W  tan  i  or  =  ^  A«  taa^  i;  u^  being  the  weight  per  cuWo  foot 
of  the  earth.* 

Therefore,  the  moment  of  the  earth  pressure  against  the  wall  =  P 
X  J  (A  being  the  height  of  tie  wall),  =  ^  W  tan  2  =  |  a*  tan«  |,  and 

3  2         6  2 

this  may  be  equated*  with  the  moment  of  stability  of  the  wall. 

It  will  be  observed  that  the  moment  of  stability  of  the  wall,  as  un- 
derstood here,  is  purely  statical,  and  no  account  has  been  taken  of  the. 
additional  strength  which  the  wall  could  offer  through  the  resistance  (to 
direct  tension)  of  the  mortar  joint  at  AB. 

Practically,  however,  this  is  so  small  as  compared  to  the  statical 
resistance  of  the  weight  of  the  wall,  that  it  is  always  omitted  in  calcu- 
lation, and  masonry  or  brickwork  structures  are  designed  on  the  suppo- 
sition that  the  joints  have  no  Appreciable  tenacity. 

If  w^  be  the  weight,  per  cubic  foot,  of  the  masonry  of  the  wall,  A  the 
height,  and  b  the  base ;  then,  if  we  leave  the  mortar  joint  out  of  the  ques- 
tion, the  moment  of  stability  of  the  wall  will  be  ^^^,  and  equating  this 
with  the  moment  of  the  earth  pressure,  we  have— 


tan's 
2 


=  -58Atani/jL 


•  If  the  body  to  be  supported  by  the  wall  were  a  perfect  floid,  sach  as  water,  the 
value  of  9  would  be  0,  and  a  =  90%  therefore  this  expression  would  become  |  A» 

tan«  46«  =  I  A»  s=  (for  water)  ?|i  A«  ==  81-26  A« ,  62i  Iba.  being  the  weight  of  a  cubic 
foot  of  water. 
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488.  In  this  equation  the  line  of  re8i8tanee,-^tlie  line  of  resnltant 
pressnres,— 'has  been  assumed  to  pass  through  the  outer  angle  of  the 
base  of  the  wall,  and  the  wall  would  be  in  a  position  of  bare  stability, 
being  in  exact  equilibrium  with  the  oyerturning  pressures  :  so  that  some 
margin  must  be  allowed  to  the  wall  for  stability.  This  stability  would  be 
decreased  by  any  saturation  of  the  earth  retained ;  but  increased  by  pre- 
cautions for  thorough  drainage  at  the  back,  by  filling  in  with  chips  and 
shivers  of  the  stone  used  in  building,  by  the  arrangement  of  the  earth  in 
punned  layers,  by  the  friction  of  earth,  &c.,  against  the  roughened  or 
<  stepped '  back  of  the  wall,  and  by  the  tenacity  of  the  mortar  joining  the 
wall  to  its  foundation  courses.  It  must  also  be  borne  in  mind  that  for 
actual  materials  of  construction,  it  is  of  course  necessary  that  the  line  of 
resultant  pressures  should  not  be  so  near  the  nearest  edge  of  the  joint  as  to 
produce  a  pressure  at  that  edge  sufficiently  intense  to  injure  the  material. 

The  following  '  practical '  additions  may  be  made  to  the  breadth  as 
aboye  calculated  :— 

-^btoT  well  drained  banks  with  horizontal  surfaces. 
^  b  for  well  drained  banks  with  sloping  surfaces. 
^  b  for  walls  where  the  material  is  considered  treacherous,  or  for 
dams  oyer  riyers,  where  floods  haye  considerable  yelocity. 

484.  Bat  in  the  lieu  of  giying  any  fractional  increase  to  the  breadth  of 
the  base  of  a  retaining  wall.  Professor  Rankine  adyocates«the  following 
principle ;  "  the  line  of  resistance  must  not  deviate  from  the  centre  of 
figure  of  any  joint  by  more  than  a  certain  fraction  (q)  of  the  diameter  of 
the  joint  measured  in  the  direction  of  the  deyiation."  He  adds,  that  an 
examination  of  practical  examples  determines  values  for  the  fractional  de- 
viation of  the  line  of  resistance  from  the  centre  of  the  base,  which  give 
qb:=§b  to  ^h. 

These  principles  are  examplified  in  Ftgs^  3  and  4.     In  the  former 
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Fig.  4.  figure  (R)  the  resultant  of  the  moments  of 
the  pressure  (P)  and  of  the  weight  of  wall  (V) 
passes  through  the  extreme  edge  of  the  base  of 
the  wall ;  while  in  Fig,  4  its  deviation  from  the 
centre  of  the  base  c  is  limited  to  the  distances 
CD  s=  qb.  In  obtaining  equations  for  the 
.    .        breadth  of  walls,  in  which  the  deviation  is  thus 

C'   flklD  J 

~  tt'^'*°  limited,  we  must  equate  the  moments  of  stabi- 
lities and  pressurea  rotmd  t^^  extreme  limit  of  deyiation  i^t  J). 
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485.  There  is  another  consideration  which  shonid  infinence  the  di- 
mensions of  walls,  viz. — that  they  shonid  not  slip  forward  on  their  bases 
from  the  horizontal  pressure  ;  it  is  easily  shown  that  this  will  not  occur 
so  long  as  the  resultant  (R)  makes  an  angle  with  the  horizon  greater  than 
the  angle  of  repose,  which  for  green  masonry  is  considered  to  be  86|^. 
It  is  seldom  necessary  to  inyestigate  whether  this  condition  is  fulfilled  or 
not ;  for  even  in  walls  of  the  smallest  sectional  area,  the  resultant  makes 
an  angle  of  over  40^  with  horizon ;  and  the  angle  increases  with  the 
decreasing  values  of  q.  Further,  the  cohesion  of  the  mortar  is  a  very 
considerable  element  in  this,  as  it  is  called,  frictional  stability  of  a  wall, 
and  it  is  neglected  in  the  inyestigations  connected  with  friction. 

486.  Instead  of  the  earth  being  dry  and  hard,  though  not  hard 
enough  to  be  self-supporiing,  it  may  be  supposed  to  be  semi-fluid,  that 
is,  that  all  its  particles  may  be  separately  set  in  motion  :  the  pressure  of 
a  fluid  such  as  water  (specific  gravity  =  s)  is  as  ~  applied  at  D  with  a 

leverage  o  =  -g- :  that  of  earth  will  be  modified  in  various  degrees  by  co- 
hesion in  different  soils,  and  thas  it  becomes  a  question  to  be  determined 
by  experiment,  and  is  shown  by  the  angle  assumed  by  the  soil,  when  left 
by  itself  and  by  the  height  at  which  a  section  of  it  will  for  a  time  stand, 
when  cut  perpendicularly.  Weisbach  states  that,  according  to  circums- 
tances a  vertical  face  of  from  8  to  12  feet  sustains  itself  in  various  soils, 
but  this  is  only  temporary :  whilst  in  fine  sand  or  newly  turned  earth,  no 
appreciable  height  is  thus  sustained. 

The  following  are  the  natural  slopes  or  angles  of  repose  of  various 
soils :— 


Fine  dry  sand,  - 

-       86«80' 

Common  earth,  dry  • 

46<>d0 

Gravel,      -       .       - 

•       89» 

Ditto,  damp,     - 

640 

Iioofle  shingle,  dry,     • 

-       89» 

Ditto,  thci  most  compact,   • 

560 

The  following  Table  shows  the  base  to  be  given  to  triangular  retain- 
ing walls  of  specific  gravity  equal  to  that  of  the  earth  sustained  (sup- 
posed to  be  twice  that  of  water)  in  terms  of  the  height ;  the  substance 
supported  being  supposed  to  be  level  with  the  top  of  the  wall. 

Length  of  base  Intenm 
Natoze of  inbstaiioe  eapported.  of  batgbt of  xiall :  iMlln, 

per  cable  foot. 

1.  Vegetable  earth,  carefally  laid  conrae  by  course,  -       -    *185 

2,  Clay,  well  rammed,       -        -        -       -       -        -       -•195 

8.  Earth,  mixed  with  large  gravel,    -       -       •       •       -    '250 

4.  Sand, •260 

6»  Sand,  or  mud  in  a  flnid  state, *700 

6.  WatVi        .........   'IKM 
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487.  Best  Form  of  Betainiojf  Wall.— It  Is  evident  that  the  presBnre 
being  greatest  at  the  bottom  of  the  wall,  whilst  at  the  top  it  is  nothing, 
a  gradual  diminution  of  the  thickness  of  a  reyetment  towards  the  top 
is  thereby  indicated ;  against  overturning  by  the  action  of  a  prism  of 
earth  at  its  back,  this  diminution  would  be  in  direct  proportion  to  the 
height,  and  the  form  would  be  a  triangle.  Against  the  pressure  of  a 
fluid  tending  to  thrust  the  wall  forward  by  destroying  the  cohesion  of  its 
joints,  the  diminution  would  be  as  the  square  of  the  height,  which  would 
give  a  concave  batter  in  the  form  of  a  parabola  for  the  outer  surface  of 
the  wall.  In  practice,  however,  this  is  an  expensive  form,  from  the  extra 
labour  required  in  forming  the  curve ;  and  as  for  masonry  intended  for 
permanent  exposure  to  destructive  influences,  the  top  of  the  wall  cannot 
be  brought  to  an  edge,  but  must  have  a  certain  thickness,  a  frustum  of 
a  prism  becomes  the  best  practical  form. 

The  following  general  rule  is  often  adopted  for  practical  purposes ; 
let  the  width  of  the  wall  at  the  base  be  as  in  the  Table  above  given,  ac- 
cording to  the  nature  of  the  substance  to  be  supported  :  the  thickness 
at  top  about  1-lOth  of  the  height  of  the  wall,  up  to  30  feet ;  the  mini- 
mum thickness  under  any  circumstances  being  1^  feet ;  the  maximum 
8  feet ;  which  need  never  be  exceeded  whilst  the  surface  supported  is 
level  with  the  top  of  the  wall. 

The  front  batter  may  be  made  to  suit  the  circumstances  of  the  case  in 
regard  to  convenience,  appearance,  &c.,  but  may  generally  with  advantage 
be  made  equal  to  half  the  difference  in  thickness  between  the  bottom  and 
top  of  the  wall ;  the  front  face  should  be  smooth,  the  rear  face  set  o£f  in 
steps  at  equal  distances  in  the  back,  which  should  be  left  as  rough  as  the 
nature  of  the  materials  will  admit  of. 

In  a  large  structure,  however,*  these  empirical  rules  might  add  to  its 
mass  and  expense  with  an  actual  diminution  of  strength  :  so  that  it  will 
be  necessary  to  calculate  the  correct  form  according  to  Deloere's  or 
Bankine's  methods,  referred  to  in  paras  448  and  449. 

488.  Another  point  to  be  considered  is,  if  in  addition  to  the  weight 
of  the  ground  behind  the  revetment,  this  ground  is  loaded  by  earth, 
buildings,  &c.,  resting  on  it ;  if  this  weight  is  not  thrown  back  beyond 
the  line  of  rupture,  allowance  must  be  made  for  it  by  calculating  the 
dimensions  of  a  triangular  revetment  as  for  a  height  of  earth  equivalent 
to  that  weight,  and  then  cutting  it  down  to  the  height  to  which  the  wall 
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is  to  be  btiilt,  so  that  it  sball  fonn  a  fnistnm  of  a  prism,  whose  thickness 
at  top  will  bear  a  due  proportion  to  the  thrast  on  the  reyetment  on  that 
line ;  of  course  this  thrast  will  be  modified  by  the  breadth  of  the  berm, 
or  distance  to  which  the  extra  weight  is  thrown  back. 

489.    Depth  of  Foundations — The  friction  between  the  wall  and  the 
ground  will  always  be  much  less  than  Fig.  b. 

the  cohesion  of  the  joints  of  masonry, 
for  whilst  the  co-efficient  of  friction 
for  stones  and  bricks  in  contact  with 
each  other,  is  from  *65  to  *75,  irres- 
pective of  the  cohesion  of  the  mortar, 
it  may  in  wet  clayey  soils  between 
masonry  and  slippery  earth  be  as  low 
as  8.  It  is,  therefore,  requisite  that 
the  foundation  should  be  of  such  depth 
that  the  passiye  resistance  of  the  earth  in  front  of  it  (marked  a  in  Fig  5,) 
combined  with  the  friction  at  the  bottom,  may  counterbalance  the  active 
pressure  of  the  earth  on  the  back  of  the  wall ;  and  the  greatest  care 
is  requisite  to  give  revetment  walls  secure  foundations,  so  as  to  prevent 
the^  either  sinking  or  sliding  forward;  as  if  the  earth  supported. by  a 
revetment  is  once  set  in  motion,  the  destruction  of  the  revetment  is  al- 
most certain. 

The  friction  at  the  base  and  that  in  every  course  of  the  masonry  of 
a  revetment  will  be  very  much  increased  by  making  these  courses  per- 
pendicular to  the  outer  face  of  the  wall ;  which  is  not  difficult  in  practice, 
with  the  ordinary  batter  given  to  retaining  walls,  and  indeed  saves  the 
labour  of  cutting  the  bricks  to  a  splay  corresponding  with  the  angle  of 
the  face-line. 

This  batter  should  be  carried  down  into  the  foundation,  which  will  be  a 
great  help  in  preventing  the  revetment  from  being  thrust  forwards.  In 
marshy  or  other  compressible  soil  a  footing  of  concrete  should  be  pro- 
vicled,  and  in  some  cases  a  row  of  piling  with  a  plank  fender  along  the 
front  or  toe  of  the  revetment,  may  be  found  useful  to  prevent  the  founda- 
tion from  slipping  forwards,  although  whenever  the  object  to  be  gained  by 
piling  can  be  attained  by  more  durable  materials  at  any  reasonable  cost, 
it  should  be  done.  The  previous  figure  shows  the  best  form  of  revetment, 
answering  to  No.  8  in  the  Table^witb  foundatfoni  ooanterfort,  piling,  &o. 
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440.  The  backing  up  shonld  follow  the  building  of  fhe  reyetment^ 
so  as  to  save  sci^olding  on  one  side,  and  being  gradually  executed,  the 
eaxth,  of  which  it  consists,  being  trodden  down  by  the  workmen  engaged 
in  the  building  of  the  revetment,  will  be  less  liable  to  be  unequal  in  con- 
sistence, an  inequality  which  is  often  the  cause  of  subsequent  movement 
in  the  mass,  and  thus  of  a  force  which  the  revetment  is  not  calculated  to 
resist ;  by  keeping  the  earthwork  about  4  feet  below  the  top  of  the  revet- 
ment as  it  advances,  it  will  not  press  upon  the  masonry  whilst  the  mortar 
is  so  little  set  as  to  allow  of  sliding  in  the  courses. 

When  the  material  at  the  back  of  the  wall  is  dean  sand  or  gravel,  so 
that  water  can  pass  through  it  readily,  and  escape  by  ^'  weepingf-holes," 
it  is  only  necessary  to  ram"it^  layers.  But  if  the  material  is  retentive 
of  water,  like  clay,  a  verHcallayer  of  stones  or  coarse  gravel,  at  least 
a  foot  thick,  or  a  dry  stone  rubble  wall,  must  be  placed  at  the  back  of  the 
retaining  wall,  between  the  earth  and  the  masonry,  to  act  as  a  drain. 
11^  441.     FrecauUona  against  water. — Water  may  almost  always  be  pre- 

■BB  vented  from  getting  to  the  back  of  a  revetment ;  in  situations  where  the 

—  liability  is  great,  small  drains  cBl\ed]weeper8  should  be  made  through  the 
revetment,  taking  care  to  fill  in  behind  them  with  pebbles  or  such  other 

—  materials  as  will  allow  the  water  to  pass  through  without  bringing  earth 
with  it.  The  weeping  holes  or  weepers^  are  usually  two  or  three  inches 
broad,  and  of  the  depth  of  a  course  of  ntasonry,  and  are  distributed  at 
regular  distances;  an  ordinary  proportion  being  one  weeping  hole  to 
every  four  square  yards  of  face  of  wall. 

Along  the  base  and  in  front  of  a  retaining  wall  there  should  run  a 
drain,  like  that  at  the  foot  of  the  slope  of  a  cutting.  A  catch-water 
drain  also  behind  a  retaining  wall  is  often  useful.  It  may  either  have  an 
independent  outfall,  or  may  discharge  its  water  through  pipes  into  the 
drain  in  front  of  the  base  of  the  wall.    {Vide  para.  226,  ante). 

442.  There  are  cases  in  which  revetment  walls,  however  massive,  will 
give  way,  such  as  when  a  stratum  of  earth  with  an  inclination  towards 
the  revetment  is  by  some  change  of  its  relations  with  the  strata  below 
it,  set  in  motion ;  in  which  case  instead  of  attempting  to  resist  this 
motion  by  any  mass  of  retaining  wall,  the  causes  inducing  it  should  be 
carefully  ascertained,  and  if  possible  removed. 

Draining  sand  previously  saturated  with  water,  or  water  finding  its  way 
into  sand  which  has  previously  been  dry,  will  often  occasion  slips  \  days 
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of  different  composition  lying  on  each  other  eometimes  slip,  from  water 
penetrating  between  the  strata ;  chemical  changes  sometimes  take  place 
from  the  exposure  of  certain  soils  to  the  air,  causing  motion,  and  often, 
occasioning  slips ;  some  yery  serious  ones  haye  been  attributed  to  this 
cause  in  the  London  and  Croydon  Railway ;  now  retaining  walls  cannot 
be  built  to  withstand  thrusts  of  this  nature,  but  they  must  be  allowed  to 
expend  themselyesi  or  a  state  of  rest  in  the  strata  must  be  restored  in 
some  other  way. 

When  the  material  at  the  back  of  the  wall  is  of  a  loamy  descrip- 
tion,  and  liable  to  be  reduced  to  quicksand  or  mnd  by  saturation  with 
water,  and  there  are  no  means  of  preyenting  such  saturation  by  efficient 
drainage,  one  way  of  making  proyision  to  resist  the  additional  pressure 
which  may  arise  from  such  saturation,  is  to  calculate  the  required  thick- 
ness of  wall,  as  if  the  earth  were  a  fluid|  majdng  0  =  0  in  the  for- 
mulas. 

Another  way  of  proyiding  against  such  a  contingency  is  to  construct^ 
sloping  against  the  back  of  the  wall,  a  bank  of  shiyers  of  stone  or  coarse 
grayel,  whose  angle  of  repose  is  not  affected  by  the  presence  of  water, 
and  then  to  fill  in  the  softer  material.  The  pressure  against  the  wall  in 
this  case  will  not  at  any  time  greatly  exceed  that  of  a  bank  of  the  firm 
material  employed,  sloping  at  its  own  angle  of  repose. 

Another  mode  of  relieying  retaining  walls  from  pressure  is  by  the  aid 
of  arches,  as  described  in  para.  445. 

443.  Oounterforts.— Betaining  walls  are  often  built  with  counter- 
forts, or  buttresses,  at  short  distances  apart,  which  allow  of  the  ayerage 
section  of  the  wall  being  made  less  than  would  otherwise  be  the  case,  by 
enlarging  the  base  of  the  structure  in  a  greater  proportion  than  its 
mass*;  care  must  be  taken  thoroughly  to  unite  the  brickwork  or  masonry 
of  the  reyetment  with  that  of  the  counterforts,  or  the  fomer  may  be 
forced  forward  leaying  the  counterforts  behind. 

Counterforts  well  united  with  a  retaining  wall  are  of  this  same  adyan- 
tage  to  it  as  cross  walls  in  the  superstructure  of  houses.  Buttresses 
in  front  of  a  wall  are  more  adyantageously  situated  to  preyent  oyertum- 
ing  than  counterforts,  but  are  of  conrse  inapplicable  where  a  straight- 
faced  wall  is  required.  Counterforts  too  haye  the  adyantage  of  breakr 
ing  up  or  diyiding  the  pressure  of  the  earth  behind  a  reyetment^  and 
especially  when  this  is  caused  by  the  filtration  of  water. 
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Tke  rice  of  wnaterforts  vrfll  depend  on  Uie  U gbt  «f  du  r«r«tDM{Bt  f 
bnt  about  one^ighth  of  the  calculated  maae  of  masoniy  ot  brickwoifc 
msf  |;«DeralIf  widi  advantage  be  tliroffn  into  tbifl  Eenn{  the  distuiea  of 
the  coanterforts  from  ea«h  otlier  may  nsge  betwMn  fkn  Uoata  of  W  feet 
for  bigli,  to  10  for  low,  watis ;  tbey  need  not  reach  to  the  top  of  Uto 
reretment,  by  doable  the  tiuckneea  of  l^e  reTetment  at  top,  t^t  portion 
being  already  stroager  than  is  raqnieite  for  stability ;  their  length  at  top 
may  he  eqnal  to  the  top  thiekncBB  of  the  g^^  ^^ 

reretment,  and  their  breadth  one-fifth  of 
tikeir  digtanee  apart.  And  firom  these  di- 
mensions tbe  length  of  (Im  oonnterfort  at 
bottom  may  be  fooad.  Thin  counterfort 
at  frequent  intervals  mH  be  more  effi^aoi- 
ouB  in  breaking  np  the  j^eBBnie  to  he  sus- 
tained than  Uiicker  coonteiforts  at  longer 
intervals. 

ThnsiiiarevetmentSiOfe^bigfa,  3  f««t 
thick  at  top,  6  feet  thick  at  [botrtoWj  mjUi 
ConnterfortB  20  feet  apart,  the  length  of 
theee  coanterforts  at  bottom  will  be  foand 
easily,  their  breadth  being  i  feet;  for 

one-eighthofmaHB  of  revetment  equals  that  of  connterfoTt,80  dtatnudfr 
ing  length  between  the  coonterfortB  20  feet,  we  h^e, 

*~(80-6)x4=j{t±2xSOx24+  l±i(9©-«)  Xi}, 

whit^  (fives  X  =  6-64  feet 

444.  Hollow  revetments^— In  cases  wliere  Ae  mass  of  triebntA 
required  is  Buffirient  to  enable  it  to  be  divided  into  walls  of  not  less  ^baiR 
2  feet  in  thickness,  revetments  nwy  with  advantage  be  hv£i  'hciHoW| 
that  is  coDsiating  of  a  front  and  rear -wail,  With  partition  walls  tokki^ 
Die  place  of  connterforts  at  mterveis  ;  in  eases  where  an  averaga 
thickness  of  moie  than  4  feet  throng'host  ia  Teqt&ed,  the  f-KHtt  waH 
ttay  ^e  made  thiAer  t^aa  the  otheFs  wth  «  better  «8  in  OMii^ary  levet 
ueut  walls. 

44t.  fiel4eriBg  Ankcs  ««  those  tauped  09  <th«  «a|ivkterfor(B,  «■ 
piers,  to  carry  the  Baperincwnb«nt  fiJJing,  jji.e  coiimterforts,  being  of  snelt 
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kngth  thst  the  earth  Boucel;  eomes  into  eontaot  with  the  back  of  die 

vaU. 

The  vail  is  thus  a  mere  shell  blocking  np  the  faces  of  the  archways. 

The  archee  ma;  be  in  one  or  more  tiers,  and  their  length  should  be  so 

Fig.  7.  Fig.  S.  great  that  the  line  of  natnral 

SedJoo,  Back  eleratioii.       elope  of  the  earth,  tonchin^ 

their  intradoK  at  the  crown, 

ehontd  not  cnt  the  line  of  tho 

back  of  the  wall  above  the 

crown  of  the  extrados  of  the 

next  tier  {vide  Fig.  7). 

To  compute  the  length,  t, 
of  a  relieying  arch  and  conn- 

— l'  'i ■■  i|   ■      terfort  on  which  it  stands ; 

' — '       ' — '  beinggiven— the  clear  height, 

h,  of  the  crown. 
Let  d  =  the  depth  of  the  crown  of  the  aroh  below  the  sarfaoe. 

0  =  the  angle  of  repose  of  the  earth. 
We  have,*  approximately— 


=  ""(»  + OT^) 


A  =  /  Un  ff  - 


446.  Breast  Wills. — These  are  nsed  rather  to  defend  the  surface 
ot  the  cutting  from  the  weather,  and  thus  keep  it  from  falling  by  disinte- 
gration, than  to  support  any  part  of  the  maes  behind  it.  Most  soils  will 
stand  at  a  much  stiffer  slope,  when  first  cut,  than  afterwards  :  in  these 
cases  a  mere  facing  of  masonry  will  often  be  sufficient,  taking  oare  to 
build  it  as  soon  as  possible  after  the  cntUng  has  been  made,  before  the 
surface  has  suffered  from  exposure,  and  not  to  leave  the  slightest  inter- 
stice behind  the  wall ;  soch  iDt«rsttce8,  if  they  exist,  should  be  filled  la 
with  Rmall  gravel  carefully  rammed,  or  with  clay  paddle. 

Sloping  revetments  of  even  thickness  not  exceeding  2  to  1^  feet  may 
often  be  used  with  advantage  in  such  cases ;  and  when  the  slope  is  vei7 
great,  and  approaching  the  permanent  angle  of  repose,  planting  grass, 
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agi  or  eorexsng  the  slope  with  rough  flat  stones,  will  prerent  di 

of  the  snrfsce. 

Fif.  9. 


In  CTitting  through  strata  which  dip  considerably,  it  will  often  be  re- 
quisite to  haye  a  strong  reyetment  on  one  side,  whilst  a  ihin  facin^^  will 
be  sufficient  on  the  other,  as  shown  in  the  aboye  figure. 

As  the  permacencj  of  breast  walls  is  entiri  ly  dependent  on  motion 
not  taking  place  in  the  mass  behind  them,  special  care  must  b*'  taken 
to  preyent  the  access  of  water  to  the  back  of  such  walls. 

447.  Masonry  Dam  -—In  the  case  of  high  masonry  dams  for  retain- 
ing water,  the  conditions  differ  somewhat  from  those  of  earth  retaining 
walls  as  aboye  described.  The  dam  is  liable  to  be  destroyed  in  three 
ways:  it  may  be  overturned  bj  the  thnist  of  the  water ;  it  may  slide  on 
its  base  or  its  joints :  or  it  may  crush  in  yertically  from  its  own  enor- 
mous weight. 

There  is  no  case,  howeyer,  on  record  of  any  dam  haying  been  oyer- 
tumed,  or  haying  been  destroyed  from  haying  slidden  horizontally :  eyery 
dam  that  has  been  destroyed  hitherto,  has  crushed  in  from  its  own  weight. 
It  follows,  therefore,  that  to  add  more  material  than  is  necessary,  is  not 
to  strengthen,  but  to  weaken  the  work.  As  mortar  may  be  assumed  to 
be  the  weakest  material  in  the  structure;  the  calculations  must  be  based 
on  the  strength  or  weakness  of  the  mortar,  and  the  pressure  on  no  hori- 
Eontal  layer  of  the  dam  should  exceed  the  safe  amount  of  compression 
to  which  the  mortar  may  be  subjected.  Assuming  then  a  practical  width 
for  the  top  of  the  dam,  and  proceeding  downwards,  immediately  that 
layer  is  reached  where  the  pressure  approaches  the  safe  amount  ^say  80  tt>s« 
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pn  ib9  sqiUKve  ineh)  the  width  of  the  Uyer  most  be  inereaeed,  so  that 
no 'portion  of  the  masonry  shall  he  called  npon  to  resist  more  than  the 
allotted  amount  of  compression.  Such  a  dam,  moreover,  is  subject  to< 
two  different  sets  of  conditions :  viz.,  (1)  when  the  reservoir  is  empty, 
and  the  pressures  on  the  inner  face  become  most  intense :  and  (2)  when 
it  is  fall  and  from  the  thrust  of  the  impounded  water  the  pressures  on 
the  outward  face  are  most  intense. 

448.  Furena*  Dam. — The  French  Engineer,  M.  Delocre,  designed 
masonry  dams  1 64  feet  in  height,  on  these  considerations,  and  the  forms 
adopted  are  shown  in  Plate  LXII. 

His  process  is  briefly  this :— He  divides  his  wall  into  three  parts, 
see  Fig.  10. 

let. — A  vertical  rectangular  portion  CDBA  of  a  breadth  equal  that 
Fig,  10.  selected*  for  the  top  of  wall ;  in  this  portion 

the  maximum  unit  pressure  will  at  all  points, 
except  the  lower  portion  at  A,  be  less  than 
i         n  \  Ihe  limiting  pressure/'. 

^^^y-«*\^  2nd. — A  vertical  backed  trapezoidal  por- 

•L. : \  ^f  tion  BAMN,  in  which  the  pressure  at  K  and 

/  >v         M  shall  not  exceed  /'  when  the  reservoir  ia 

"'      "  either  full  or  empty. 

Sref.— *A  part  MNST,  which  has  inclinations  on  both  face  ftnd  baek, 
and  in  which  tiie  limit  pressure  is  not  exceeded  at  the  points  M'  N'  or 
ST  in  a  series  of  horizontal  sections  taken  in  the  profile. 

449.  BankMs  Dam^ — Plate  LXIII.  illustrates  the  form  of  masonry 
dam  recommended  by  Professor  Bankine  on  the  same  general  ideas  as 
advocated  by  the  French  Engineers,  but  modified  to  satisfy  the  principle 
that  "  the  lines  of  resistance  when  the  reservoir  is  empty  and  full  res* 
pectively,  should  both  be  within,  or  but  a  small  distance  beyond,  the 
middle  third  of  the  thickness  ol  the  wallr*' 

In  the  profile  shown  in  the  PJMej  logarithmic  curves  have  bees  adopt- 
ed iot  both  outer  and  inner  faces.  The  common  sxibtangent  to  both 
enrves  marked  (AD  fii  the  drawing)  is  80  feet. 

The  thickness  OB  at  120  feet  below  the  top  is  84  feet ;  and  of  tiiiis 
on^fourteenth,  AG  s=  6  feet,  lies  inside  the  vertical  axis  OX,  and 
thirteen-fourteenths,  AB,  78  feet,  outride  that  axis.  The  formula  for 
the  thielaiJBea  t  at  ai^y  depth  »  below  the  top,  is  aa  follows :~ 


PLATE  LZII. 


FURENS'  DAM. 

THGORETICAL   TrPE   irN   STEMl 
89   h.   ON   THE   SQUARE    INCH 


DAM   OF   BAN 


iVt 


•  » 


i 
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Or,  in  common  logarithms^ 

log  t  s  log  t^  +  0*4848  ^'*  -^ ^  (UX 

in  which  a  denotes  the  snbtangent  (80  feet),  and  t^  the  given  thi<^eB« 
(84  feet)  at  the  giren  depth  ( 120  feet)  below  the  top.  The  thickness  at 
the  top  is  18*74  feet. 

The  range  of  different  depths  to  which  the  same  profile  is  applicable 
without  anj  waste  of  material  extends  from  the  greatest  depth  shown  on 
the  drawing,  180  feet,  np  to  110  feet,  or  thereabouts.     For  depths  be- 
tween 110  feet  and  80  or  90  feet,  or  thereabouts,  the  waste  of  material  is 
unimportant.    For  depths  to  any  considerable  extent  less  than  90  feet,  the 
use  of  apart  of  the  same  profile  giyes  a  surplusof  stability.     For  example, 
if  the  depth  be  50  feet,  the  quantity  of  material  is  greater  than  that  which 
is  necessary  in  the  ratio  of  1*4  to  1,  nearly.    For  the  shallow  parts,  how- 
eyer,  at  the  ends  of  a  dam  that  is  deep  in  the  centre,  it  is  preferable 
to  use  the  same  profile  as  in  deep  parts,  notwithstanding  this  expenditure 
of  material,  in  order  that  the  full  adyantage  of  the  abutment  against  the 
sides  of  the  rayine  may  be  obtained.    In  the  case  of  a  dam  that  is  less  deep 
in  the  centre  than  110  feet,  the  following  rule  may  be  employed.     Con- 
struct a  profile  similar  to  that  suited  to  a  depth  of  110  feet,  with  all  the 
thicknesses  and  ordinates  diminished  in  the  same  proportion  with  the 
depth.     The  intensity  of  the  vertical  pressure  at  each  point  will  be 
diminished  in  the  same  proportion  also ;  but  this  dons  not  imply  waste 
of  material ;  the  wiiole  weight  of  the  material  being  required  in  order 
that  there  may  be  no  appreciable  tension  in  any  part  of  the  wall. 

4fi0.  In  order  that  the  pressure  may  be  equally  distributed  through 
the  work,  the  dam  should  be  one  homogeneous  mass,  built  in  every  part  of 
the  same  kind  of  material.  No  interior  or  exterior  facing  of  ashlar, 
which  may  have  a  tendency  to  separate  from  the  rest  of  the  work,  and  no 
partial  use  of  cement  or  concrete  must  be  permitted.  In  order  to  increase 
the  resistance  to  sliding,  horizontal  courses  must  be  rigorously  avoided, 
(the  bed-joints  of  such  courses  tending  also  to  become  channels  for  the 
leakage  of  water).  The  dam  must  simply  be  a  mass  of  uncoursed  rubble 
laid  in  hydraulic  mortar,  without  any  hollows,  every  portion  resembling 
the  rest  of  the  work  as  closely  as  possible. 

The  very  fact,  howeveri  of  the  iiregul&t  atrocture  of  ^uncoursed  rubble' 
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masonry  renders  necessary  nnBsaal  care  and  yigilance  in  snperintendingr 
its  erection,  in  order  to  insure  that  every  stone  shall  be  thoronghlj  sad 
firmly  imbedded,  and  that  there  shall  be  no  empty  hollows  in  the  interior 
of  the  wall,  nor  spaces  filled  with  mortar  alone  where  stones  ought  to  be 
placed.    In  snch  work  the  practice  of  '<  gronting"  or  filling  hc^lows  bf 
pouring  in  liquid  mortar  should  be  strictly  prohibited. 

Should  it  be  decided  to  insert  in  the  face  of  the  wall,  headers  or  long 
bond  stones,  these  stones  should  be  laid  with  thdr  lengths  not  horizon- 
tal, but  tMmuU  to  the  face  of  the  wall. 

The  fouQidation  should  be  sound  rock  if  practicable ;  it  may  be 
doubted  if  any  earthen  foundation  is  thoroughly  to  be  relied  on  where  . 

the  depth  of  water  exceeds  100  or  120  feet. 


( 
t 
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MANUPACTUBE  OP  CEMENT  IN  INDIA. 


Ik  connection  with  the  "  Rales  for  Manufactare  of  Cement  in  India," 
printed  on  page  120,  the  following  additional  notes  by  Ool.  H.  A. 
Brownlow,  B.E,,  and  P.  Dejonz,  Esq.,  will  be  fotind  interesting  and 
insimctiye. 


Remoarha  on  Col,  E.  A.  Brownlow^a  Report  ly  P.  Dejoux,  Esq, 

Tbe  rates  estimated  by  Ool.  Brownlow  for  cement  delivered  in  Delbi 
are  yery  correct,  but  it  will  not  do  to  calculate  on  more  than  4  cable 
feet  of  cement  in  pretty  good  order  in  a  cask,  as  the  remainder  will  be 
found  spoilt  daring  the  shipping,  or  daring  transit  from  Calcutta  to 
Delhi. 

I  haye  myself  received  in  Olilcutta  nearly  10,000  casks  of  cement,  and 
horn  experience  I  always  foand  an  average  of  4  cubic  feet  of  cement  in 
good  order  per  cask. 

Aiocordingly  the  rata  of  Portland  cement  at  Delhi  should  be  5'66| 
instead  of  5'2.        • 

I  do  not  quite  agr^e  with  Col.  Brownlow  as  regards  the  advantage 
in  India  of  using  clay  and  pure  slaked  lioie  instead  of  clay  and  chalk. 
Without  considering  the  increase  in  the  cost  on  account  of  the  double 
burning,  I  think  the  burning  is  always  more  difficult  in  one  case  that  in 
the  other,  and  the  tenacity  of  the  cement  is  never  so  good. 

If  a  prejudicial  action  takes  place  on  account  of  the  oaide  of  iron^ 
I  would  advise  the  use  of  clay  either  entirely  free  from,  or  containing  a 
small  portion  of  it. 
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Many  cement  stones  in  France  yielding  cements  nearly  as  good 
Portland  cement  contain  little  or  no  oxide  of  iron. 

In  the  case  of  Portland  cement  sent  from  snch  a  distance  as  Eng- 
land to  Delhi,  the  cement  will  always  lose  a  certain  amount  of  its 
strength. 

My  experience  authorizes  me  to  say  that  it  loses  in  ordinary  circum- 
stances ith  of  its  strength,  and  if  left  in  godowns  for  six  months,  it  will 
lose  at  least  ^rd  of  its  original  fitrepgih. 

It  should  be  borne  in  mind  that  the  cement  casks  are  always  placed  at 
the  bottom  of  the  ships,  »nd  exposed  tq  thiB  moistxire  wd  dajQpness  there- 
in, that  the  unloading  in  Calcutta  is,  and  will  always  be  done  in  a  more 
or  less  careless  manner,  and  that  the  great  heat  of  this  country  affects 
the  quality  of  the  cement  to  a  certain  extent. 

Considering  the  question  of  the  lofis  of  strength  in  the  eement  impioii* 
ad  from  England,  my  opinion  is  that  it  is  possible,  if  gr«at  care  la  taken 
in  the  manufacture,  to  make  in  India  cements,  artificial  or  natural,  which 
will  be  about  the  same  kind,  and  the  same  quality  as  some  of  the  French 
cements,  which,  exceptijig  the  Boulogne  cement,  possess  from  |th  to  ^th 
of  less  tenacity  than  the  English  Portland  cement  of  good  quality.  Such 
being  the  case,  the  cement  which  will  be  manufactured  in  India  aiay  be 
as  good  as  that  reeeiyed  from  England  ;  but  of  course  at  the  same  tiaoA 
|th  inferior  (for  the  reason  aboye  adduced)  to  the  cement  of  frash  quality 
used  at  iMNne. 

The  rough  calculations  I  haye  made  about  the  probable  cost  of  cenent 
manufaeiured  in  ladia  show  that  it  will  yary  from  Re.  1  to  Bs.  1-4  per 
cable  foot  in  the  case  of  artificial  cement,  and  froim  9  to  14  aanas  in  that 
of  natural  cement. 

In  tke  Bengal  gfaootiDg  «r  kanhar  atones  I  haye  aaalyizod,  I  found  a 
proportion  of  clay  yarying  from  26  to  84  per  100. 

The  result  impc«aaed  me  with  the  idea  of  trying  tlie  possibility  of 
manafaeturiDg  either  Boman  or  Portland  cement  with  simIi  stones,  in 
pulyerizing  Ihoae  which  wer«  not  too  hand  «Dd  mafciBg  iMricks,  ^.,  or 
in  extra  Umiwg,  in  their  natArfd  «tate,  tbose  whidi  are  boioogene« 
ous. 

I  may  now  safely  aay  that  as  regands  fAielimbary  experiments,  I  haye 
already  auoceeded  in  obtaining  slow  and  quick  setting  cements,  although 
I  am  proceeding  with  further  experiments  on  that  sct^re. 
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I  qnite  ngtee  witb  GoL  Brownlow  as  regarda  bk  pfopoBal  to  aim  first 
et  the  utmost  simplicity  of  maclunerj  and  plant  necessary  for  the  manu- 
facture. 

I  am  of  opinion  that  the  best  kind  of  fael  for  burning  Porilaad  o^ 
ment  is  coke,  and  will  place  charcoal  in  second  order. 

But  coal  also  may  answer,  as  I  hare  seen  it  used  in  France. 

As  I  am,  howeyer,  about  to  try  to  bam  cement  with  coal,  I  will  be 
able  in  a  short  time  to  afford  a  more  decided  opinion  on  the  subject, 

I  do  not  quite  agree  with  Col.  Brownlow  as  regards  his  opinion  of 
using  for  the  mixture  of  materialB  the  dry  and  Qerman  system,  insteftd 
of  the  wet  ISnglish. 

It  may  be  said  that  principally  When  using  pure  slaked  lime  and  day, 
the  German  system  is  superior  to  a  certain  extent,  but  it  is  also  more 
expensiye. 

ft  

Mr.  Heid  in  his  treatise  about  cement  says,  that  the  two  principal  in- 
conyeniences  arising  from  the  English  system  are  :— 

Ut — That  a  much  larger  area  is  necessary  in  the  English  system 
than  in  the  German  one,  and  consequently  in  a  counti^  where  the  ralnje 
of  the  land  is  always  high,  it  increases  to  a  great  extent  the  amount  of 
the  capital  inyested  in  the  manufacture  of  cemeni 

2nd. — That  it  requires  about  two  montiis  for  the  materials  in  the  raia  ^ 
to  dry,  before  being  moulded  into  bricks* 

As  regards  the  1st  point,  there  is  at  present  in  Bidia  hardly  any  diffl- 
colty  in  the  acquisition  of  land  under  the  proTisLons  of  Act  X«  of  1870. 

Eeferring  to  the  2nd  point,  I  should  say  that  in  a  country  so  hot  a? 
India,  the  eyaporation  being  much  more  rapid,  it  is  to  be  expeeted  that 
the  time  neeesaajy  for  drying  will  be  comparatively  much  less. 

I  think  the  proportion  of  materials  used  in  the  maoBfiaeture  of  artifici- 
cial  Portland  Cement  will  yary  as  follows  >— 

Ist.-^For  artificial  cement  made  of  a  mixture  of  chalk  and  clay. 
From  8  chalk  and  1  of  clay  (in  measure). 
To      4         „        1        ^ 

2nd.-*-Ja  the  case  of  artificial  cement,  made  of  pure  slaked  lime  a&d  clay. 
From  i  lime  and  2  of  clay  (in  measure). 
To  i  lime  and  8  of  day. 


IT 
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Sugg$ttion»  about  manufacture  of  Portland  CemenL 

(!)•  Except  the  remarks  I  have  already  made,  I  quite  agree  with 
Col.  Brownlow  on  all  other  points.  I  would  however  adyise,  as  regards 
the  details  of  manufacture,  to  follow  the  treatise  of  Mr.  Eeid  on  cements. 

(2)  Eilna. — As  regards  kilns  for  a  small  factory,  I  would  advise  their 
construction  according  to  the  sketch  of  Mr.  Reid's  book,  but  making  them 
'^rd  smaller,  and  increasing  the  height  of  the  tapering  dome  by  three  feet. 

(3).  Experiments.  ^  I  would  advise  the  construction  at  once  of  a  small 
kiln,  for  the  trial  of  samples  of  di£ferent  kinds  of  lime  and  clay  in  various 
proportions  ;  the  balls  for  samples  may  be  made  of  clay  and  chalk,  or 
lime  reduced  to  impalpable  powder,  and  mixed  in  water  in  a  tub  :  the 
water  is  on  the  following  day  to  be  removed  by  decantation,  and  the  sub- 
stance is  then  to  be  exposed  to  the  sun  until  the  evaporation  reduces  it 
into  a  plastic  paste,  with  this  balls  may  be  made  about  two  inches  in  dia- 
meter, and  dried  well ;  thede  balls  may  then  be  burnt,  and  when  reduced 
to  powder,  a  stiff  mortar  made  with  the  cement  thus  obtained,  which  can 
be  tested  under  water  by  means  of  the  Aiguille  of  Yicat.  Some  cakes 
6r  balls  made  with  this  mortar  may  be  left  exposed  to  the  air. 

(4b).  Natural  cement.'^ln  France  the  Engineers  have  been  using  for 
several  years  cement,  proceeding  from  the  burning,  in  the  same  way  aa 
for  Portland  cement,  oifnarly  clays  of  different  kinds. 

I  have  already  found  from  the  hills  of  Margohi  and  Bohtas,  near 
Dehree  in  the  Boane  circle,  two  kinds  of  clay,  which  (mixed  together  in 
certain  proportions  and  at  times  with  a  feeble  addition  of  pure  day)  will 
yield  Portland  and  Roman  Cement. 

Erery  sort  of  clay  giving  a  strong  effervescence  with  hydrochloric 
acid,  may  be  considered  as  marly  clay,  and  may  be  found  useful  in  the 
manufacture  of  cements. 

The  analysis  of  different  sorts  of  clay,  give  the  following  results  :— * 


Ydlow  mirly  olay. 


Per  cent. 


White  marly  daj. 


Pvonk 


Carbonate  of  Lime,    •  • 
„        MagneoA, 


Oxide  of  Iron, 

^*y{Al^ina,    j 
Band,    .. 


•  • 


•  • 


Tottl,   •• 


•• 


.  a 


•  a 


60*65  iCarbonate  of  lime, 

14*85  I  M         Magnesia  traces, 


0-67 

2888 
1-00 

100-00 


bnt  not  appreciable, 
Oxide  of  Iron^  ditto  ditta,    •  • 


Silica, 


^■y  {  Alomina 


Sand, 


ina,    }   '• 


•  • 


Totd, 


•• 


•  • 


80*00 

0*00 

20*00 

0*00 

10000 
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(6).  Cement  of  Bouhgne. — The  best  marly  claj  used  in  France  is  that 
found  in  Boulogne,  with  which  Messrs.  Demarle  and  Co.,  manufacture  a 
dement  in  high  demand  in  France. 

I  have  been  using  it  in  largA  quantities  for  three  years  in  the  manufac- 
ture of  artificial  stone  (Coignet's  system),  and  found  it  even  sensibly  better 
than  the  Portland  cement  of  Messrs.  White  Brothers,  which  is  consid- 

ered  as  one  of  the  best  sort  in  England. 

The  Boulogne  marly  clay  contains  from  19  to  25  per  100  of  clay. 

Every  sort  of  clay  containing  more  than  ^th  per  100  of  sand  is  to  be 
rejected. 

To  be  certain  of  a  good  homogeneity  the  clay  is  pulverized  and  mixed 
with  water  in  vats,  the  water  is  then  removed  by  decantation,  and  the 
clay  being  thus  by  evaporation  in  a  sufficiently  stiff  state  to  be  moulded, 
balls  are  made  of  it  and  burnt  in  a  kiln  up  to  a  white  heat. 

The  white  heat  is  necessary  for  the  spreading  of  the  bad  parts,  which 
are  picked,  and  rejected  carefully  after  the  burning. 

The  cement  is  afterwards  ground  in  fine  powder,  and  sifted  through  a 
sieve  of  60  meshes  to  1  inch. 

(6).  Cefnent  in  the  neighbourhood  of  Paris, — Sometimes  clays  may  be 
found  homogeneous  enough  to  enable  their  being  burnt  without  the 
process  of  either  pulverization  or  washing.  The  clay  found  near  Paris^ 
contains  about  the  same  proportion  of  silica  and  alumina  as  that  of 
Boulogne.  Such  descriptious  of  marly  clay  are  found  (in  beds)  close  to 
the  beds  of  gypsum  (or  sulphate  of  lime) ;  great  care  must  however  be 
observed  in  selecting  them  to  avoid  the  mixture  of  gypsum  with  them. 
These  may  be  burnt  in  their  natural  state,  and  treated  after  the  same 
manner  as  the  cement  of  Boulogne. 

The  best  factories  are  those  of  Messrs.  Barbier  and  Cou  at  Paris, 
Charonne  and  Argenteuil,  Messrs.  Slacker  and  Letellier  at  the  Butts 
Chaumont,  the  Moulineaux  and  the  Rainey. 

I  used  these  cements,  particularly  the  first  sort,  for  the  building  of 
several  miles  of  sewer  in  Paris,  and  found  it  not  much  inferior  to  the 
English  Portland. 

(7).  Marly  claye.-^l  feel  almost  sure  that  marly  clays  of  about  the 
same  composition  as  those  of  Boulogne  or  Paris  may  be  found  in  the 
proximity  of  many  lime  quarries  now  existing  in  India,  and  I  opine  there- 
fore that  aoareful  search  will  enable  the  discovery  of  materials  well  adapt- 
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ed  for  the  mannfactare  of  eementi  and  prodocing  a  cemdni  less  ezpenfiiv'e 
tiiaa  artificial  cements. 

(8).  Bulk  of  each  material  required  for  experimmta. — As  regards  the 
quantity  of  materials  which  will  be  required  for  experiments,  I  think  for  the 
mannfactare  of  artificial  cement  three  cnbic  feet  of  limestone,  and  two  of 
olaj  of  each  sort  may  be  sent,  and  if  stones  or  marly  clay,  supposed  to 
be  natural  cement  stones,  are  found  in  the  Sewalik  Range,  a  cubic  foot  of 
each  idnd  will  do  for  the  present. 

'Sorsn.'^Inatructuma  for  the  use  of  the  Aiguille  of  Vicat*for  testing  hy- 
draulic lime. — Take  a  small  quantity  of  lime  newly  slaked,  and  free  from 
impurities  of  erery  kind ;  make  of  it  a  paste  about  the  stiffness  of  damp 
day.  Put  this  in  a  tumbler  to  the  thickness  of  one  inch,  then  add  water 
slowly  to  two-thirds  of  the  tumbler. 

The  lime  is  said  to  be  set  when  it  can  support,  without  sensible  depres- 
mon,  the  weight  of  the  Aiguille  of  Yicat. 

Ist-^Limea  feebly  hydraulic  (containing  18  per  cent,  of  clay).  These 
set  after  15  or  20  days  of  immersion,  and  get  harder  gradually  by  slow 
degrees,  principally  after  the  6th  and  8th  months.  After  one  year  their 
hardness  can  be  compared  to  dry  soap ;  they  are  after  that  period  a  little 
soluble  in  pure  water. 

2nd. — Ordinary  hydraulic  limes  (containing  20  per  cent,  of  clay). 
These  set  after  6  or  8  days  of  immersion,  and  get  harder  gradually  within 
one  year,  but  the  greatest  part  of  the  hardness  is  acquired  after  six 
months^  and  then  the  hardness  of  the  lime  can  be  compared  to  soft  stone ; 
the  water  has  no  more  action  upon  it. 

Limes  eminently  hydraulic  (containing  80  per  cent,  of  clay).  These 
set  after  2  to  4  days  of  immersion ;  after  one  month  they  are  hard  and 
insoloble  in  pure  water ;  and  after  six  months  they  can  be  compared  to 
the  absorbent  calcareous  stones. 

Limes  which  do  not  set  after  SO  days  are  not  hydraulic. 


•  The  wtiglit  of  the  Aignllla  of  Yicat  ig  10|  onnoM  (aTotrdnpois). 
tlw  eztreini:^  of  tlie  AignlUe  i&Qit  be  a  sijiian  of  .^^ 
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IfoU  iy  Col*  S.  A.  Sraumlow^  R.E.^  on  Mr.  lhf(mf$  Smarts^ 

1)8$  of  pure  ilaked  Ume  instead  of  chalk, — I  recommended  this  becoase 
We  hare  no  chalk  in  tliiB  part  of  India,  and  I  think  burning  the  limestone 
will  he  found  cheaper  than  grinding  it  to  an  impalpable  powder.  It  is 
only  a  question  of  economy,  and  the  cheapest  process  should  be  adopted. 

Use  of  clay ^  free  from  oxide  of  tron.— >The  supposed  prejudicial  action 
of  oxide  of  iron  is,  as  will  be  seen  from  the  remarks  on  this  subject  in  my 
report,  more  than  doubtful,  and  the  action  which  takes  place  in  the  burn- 
ing of  Portland  cement  between  the  oxide  of  iron  in  clay  and  the  chalk 
is  understood  to  be  most  beneficial.  I  alluded  to  it  in  explanation  of  my 
remark  that  a  cement  of  same  tenacity  as  Portland  could  not  most  pro- 
bably be  produced  in  India,  where  I  proposed  to  use  slaked  lime  instead 
of  chalk.  So  that  I  do  not  think  clay  should  be  rejected,  because  it 
contains  oxide  of  iron,  so  long  as  the  proportion  does  not  exceed  15  per 
cent. 

Lose  of  strength  in  imported  Portland  cement, — Mr.  Dejoux's  experi- 
ence seems  to  decide  the  question  in  favour  of  manufacture  in  India. 

Process  of  manufacture.^'While  maintaining  my  opinions  with  some 
diffidence  against  those  of  Mr.  Dejoux,  who  has  a  practical  knowledge 
of  his  subject,  I  would  suggest,  as  a  further  objection  to  the  adoption  of 
the  ''  wet "  or  English  system  of  mixing  the  raw  ingredients  of  cement, 
that  in  these  provinces  for  about  four  months  in  the  year,  the  mixture  in 
the  settling  reservoirs  would  be  largely  adulterated  by  sand  and  organic 
impurities  driven  on  to  it  by  the  wind,  and  that  during  the  rainy  season 
the  evaporation  would  be  even  slower  than  in  England.  Although 
more  expensive  there,  can,  I  think,  be  no  doubt  of  the  superiority  of  the 
German  over  the  English  system  of  manufacture. 

Testing  the  burnt  cement. — Regarding  the  use  of  the  Aiguille  de  Yicat 
for  this  purpose,  I  would  remark,  1st,  that  it  is  only  a  test  of  rapidity 
of  setting,  and  gives  no  idea  of  cohesive  strength  of  the  mortar ;  2nd, 
Although  remarkable  quickness  of  setting  is  not  necessarily  accompanied 
by  inferior  hardness  and  strength,  yet  it  is  somewhat  cilrious  that  within 
the  range  of  experiments  quoted  by  Oeneral  Oillmore,  in  his  treatise  on 
limes  and  hydraulic  cements,  the  quickest  setting  cements  give  ultimately 
the  worst,  and  the  slowest  setting  the  best,  results  ;  8rd,  That  Oeneral 
Gillmore  gives  it  as  his  decided  opinion,  that  the  needle  test  is  far  less  r«- 
Uahh  than  any  mmpfe  demce  for  trying  the  cohesive  strength  of  the  mortaf 


wAmfmM-ttMlMdtijttoU.  The  teitpropoaedbj  mo  In  my  report  ii  that 
oiuTeTBally  adopted  in  Eugluid,  and  largely  on  the  Continent  ta  well, 
sod  I  therefore  atrongl;  maintain  ite  anperioritj  over  Uonaienr  Yicat's 
needle.    The  Mcompanjing  sketdi  ihowe  an  excellent  form  of  testzn^ 
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machine,  and  a  hotter  pattern  of  monld  for  making  np  the  hricks  to  he 
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tested  than  that  ehown  in  my  report.  Thof  are  both  taken  ^m  Mr, 
Grant's  admirable  paper  on  PorUand  cement  (set  Proceedings  of  Inst, 
O.E.,  Vol.  XXV.,  SeBBion  1865-66). 
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Papers  hf  P.  D^wx,  Eaq^j  on  Manufacture  of  IdmSf  Mcrtar  and 
Concrete  in  Bengal, 

MAHtTFAOTUBB  OF  OHooTiNO  Lim.**-Lime  Es  a  role  ought  to  be  sifted 
fine  enoagli  to  be  free  of  all  unbumt  or  oyerbnmt  partides  which  do 
not  slake  immediately,  but  which  may  slake  after  a  certain  time,  and 
consequently  may  injure  the  quality  of  the  mortar. 

As  ghooting  lime,  from  want  of  homogeneity,  can  never  be  well  burnt, 
a  fine  sifting  of  the  lime  after  slaking  will  largely,  increase  the  cost  of 
the  lime. 

In  grinding  the  lime  and  the  unbumt  portion,  which  ought  to  pass 
through  a  sieye  of  8  meshes  to  one  inch,  some  of  the  parts  not  slaked 
may  act  as  cement,  while  others  will  remain  inert. 

It  may  happen  that  in  the  case  of  the  presence  of  chaux  limitee\ 
(argillaceous  intermediate  limes),  some  other  parts  slaked  a  long  time 
after,  and  falling  in  powder  may  disintegrate  some  portions  of  the  mortar. 

It  is,  howeyer,  yery  difficult  to  ascertain  the  presence  of  the  chaux 
Umtee,  but  as  far  as  I  can  judge,  I  do  not  think  there  is  much  probabi- 
Uty  of  finding  them  amongst  the  generality  of  ghooting. 

My  opinion  howeyer,  is,  that  the  best .  and  cheapest  way  to  deal 
with  the  manufacture  of  ghooting  limestone  consists  in  the  following 
plan:—* 

lit. — To  bum  the  ghooting  limestone  in  a  kiln,  as  per  Plate  XVUIa. 
Before  burning,  the  kiln  must  be,  if  necessary,  carefully  plastered,  both 
outside  and  inside,  with  a  mortar  composed  of  four  parts  of  clay  and 
one  of  lime.  First  a  layer  of  6  inches  of  coal  is  to  be  put,  then  9  inches 
of  ghooting,  then  8  inches  of  coal,  and  then  9  inches  of  ghooting,  &c., 
&c.;  the  last  layer  must  beof  ghooting  proceeding  from  the  last  burning, 
and  which  not  being  perfectly  burnt  is  generally  called  "  refuse  ghooting." 

With  some  limestones  2  inches  of  coal  will  suffice.  I  haye  noticed 
that,  owmg  to  kilns  being  built  generally  in  a  careless  manner,  the  loss 
of  caloric  must  be  enormous  in  fhem.  The  firing  of  the  kilns  may  be 
begun  when  three  layers  of  stone  haye  been  put  in  it.  A  portion  ef  the 
openings  may  be  shut,  leaying  sufficient  room  for  yentilation  according  to 


•  BCDgim  for  *<  iMtdr  llaM,'' ocmtidiiing  M  to  84  per  oeni.  of  dUgr. 

t  Anezp1«iwtl(mof  thlf  term  wmbe  fmiiidln  VifitkonLliDM  ft^  Chaux  HmtiMtn 

llaiiobtalMd  from  ifcoPM conUlnlag  too  iMgt  t  prgportJon  at  elaj  to  bt  kijdnv2ioUia«toiMi,aad 
too  maU  »  proporttMi  to  b«  otOMnft  ftoniSt 
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the  tttte  of  the  weather.    It  will  be  adriseble,  m  b  preventire  ^fminat 
the  effect  of  the  stonny  winds,  when  the  fire  is  likely  to  aniTe  to  tlie 
nppermoet  layer,  to  have  screene  of  corrugated  iron  put  on  the  top  of 
the  kiln  in  the  direction  of  the  prerailing  wind.    Lime  is  frequently 
very  badly  burnt,  sdely  from  want  of  this  precaation.    When  the  un- 
loading of  the  kiln  is  commenced,  the  iron  bars  are  to  be  taken  ont,  and 
then  j^rd  of  the  total  height  of  the  stone  iiuide  may  be  discharged,  and 
the  kiln  reloaded.    It  will  be  adyisable,  when  the  kiln  is  in  fall  blaze, 
to  refit  the  bars  erery  eight  days,  and  by  snch  means  to  remoye  the  aah 
from  the  ash  holes,  and  enliven  the  fire. 

2sitf^— *Afl  soon  as  the  lime  is  burnt,  it  is  to  be  taken  out  of  the  kiln 
immediately,  and  the  stone  separated  from  the  ashes.  The  limestone  is 
then  set' against  a  wall  in  layers  of  about  4  inches.  On  each  layer  water 
is  to  be  thrown  by  means  of  garden  watering  pots.  A  heap  of  about  6 
or  6  feet  high  may  be  made,  and  the  ghooting  may  be  left  in  this  state 
for  about  four  days ;  the  top  of  the  heap  should  be  watered  a  little  on 
the  second  day.  After  the  expiration  of  four  days,  it  must  be  sifted 
through  a  sieye  of  8  meshes  to  one  inch. 

It  will  be  judicious  always  to  put  the  burnt  stone  in  large  and  high 
heaps,  becaose  by  this  being  done,  the  heat  will  be  oonoentarated,  and  the 
slaking  facilitated*  As  regards  the  sifting,  I  think  for  large  works  it  will 
be  better  to  use  a  reyolying  sifting  machine  as  used  in  France. 

BrcL  The  lime  ^rill  then  be  pulyerized  in  a  eurkhd  mill  separately^  or 
mixed  with  the  sand  necessary  for  the  mortar. 

Sand  mortar ^^I  would  advise  ike  uee  alwaye  of  sand,  instead  of  eurhhd 

•  The  advisability  of  this  depends  entiroly  upon  natate  of  ^*^®^  ^^^'T  clean 
line.  ^'Experimenjts  show  that  a  mortar  compoeed  of  one  sand  of  middling 
Tolome  of  fat  lime,  and  two  Tolnmes  trass  is  injured  if  a  por-  size  is  obtainable, 
tion  of  the  trass  be  replaced  by  sand."    Gillmore,  para.  560.  CimJ-a*         hi 

to  be  used  only  when  sand  cannot  be  obtained,  and  for  Hub  reason : — 
If  the  lime  is  yery  hydraulic,  the  eurkhi  which  is  yeiy  often  made 

from  bricks  im*> 

*  May  even  act  prejudicially,  vide  note  on  next  p^ge.  ^  ^i 

perfectly   onrnt^ 

acts  only  as  an  inert  body;  in  such  a  case  sand,  which  is  harder,  has 
eyidently  the  adyantage  oyer  surhhi;  aand  has  also  the  great  adranlage 
that  it  is  generally  much  cheaper. 

•  VotfsbjOol.H.A.BKOwsJoiriUk 
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If  tbe  lime  is  not  hydranlic  enough,  and  if  no  other  kind  of  pnzzaolana 

*  The  greatest  care  is  reqaired  in  mixing  sitrkhi  at  all  with  can  be  obtained| 
hydranlic  lime.  It  is  only  the  excess  of  pure  lime  that  combines  gurhj.:  made  with 
advantageoasly  with  the  #ttrMi,  forming  with  it  silicates  and  4.      Un     4. 

alnminates  of  lime.  But  the  danger  of  thereby  breaking  the  set  first-rate  burnt 
is  manifest,  for  while  the  natural  combinations  of  lime  with  the  bricks,  and  redup- 
silica  and  alnmina  in  the  hydranlic  limes  immediately  commence  qq^  ^  impalp* 
to  set,  tiiose  formed  between  the  free  canstic  lime  and  the  turkhi,     yn  ^         .^« 

will  hare  to  effect  a  preiiminaxy  decomposition  of  the  silica  ^        ^  ' 

and  alnmina  combined  in  the  turAM  and  the  two  dissimilar  ao-  increase  the  hy- 
tions,  one  composing  and  the  other  decomposing,  cannot  go  on  dranlicity  of  the 
in  sneh  dose  connection  with  any  advantage  to  the  mortar,  y  •  u  4-  oa  it 
Breaking  the  set  is  notoriously  most  fatal  to  hydranlic  energy,  ^^^®' 
so  that  ikankar  lime  should  never  be  left  in  a  mill  to  be  re-  ^^  ^^^  saidbe- 
gronnd  after  an  interval  of  time.  Bnt  where  pnre  rich  lime  is  fore,  the  surkki 
mixed  with  surhhi,  long  and  intimate  mixture  is  advantageous,  generally  nsed 
because  the  silica  and  alumina  must  free  themselves  from  the  f  a      '  "u 

oombination  existing  in  the  surihi  before  setting  can  commence.  ^  prepared  witn 
It  is  also  evident  that  the  finer  the  turkhi  is  powdered  the  better,  bricks  imperfect- 
ly bnmt,  on  accoxmt  of  such  bricks  being  more  brittle,  and  the  powder 
is  always  too  coarse  to  act  efficiently  as  a  puzznolana. 

Mortar  made  with  aurkhi  seems  after  a  short  time  harder  than  sand 
mortar,  but  after  a  long  time  sand  mortar,  if  well  made,  will  be  found 
superior.  One'of  the  greatest  precautions  to  be  taken  with  sand  mortar 
is  to  hare  the  bricks  or  stones  thoroughly  soaked  in  water ;  the  default 
of  using  this  precaution  is  the  great  cause  of  the  apparent  inferiority 
of  the  sand  mortar  as  compared  with  the  mrhhi  mortar,  because  the 
aurkhi  retains  much  more  moisture  than  the  sand. 

Gomparatiyely  less  water  ought  to  be  used  in  the  manufacture  of  sand 
mortar,  than  that  of  mrJthi  mortar,  as  it  (the  mortar)  must  be  made  to 
the  consistency  of  a  plastic  paste. 

Care  must  be  taken  in  the  sand  mortar,  especially  to  preyent  too 
rapid  drying,  because  hydraulic  lime  being  an  anhydrous  silicate  of  lime, 
(with  an  excess  of  lime,)  which  gets  hard  by  the  hydration  of  the  lime, 
it  is  evident,  therefore,  that  a  certain  degree  of  moisture  is  neces- 
sary. But  water  must,  howeyer,  not  be  thrown  on  the  mortar  before  it 
has  commenced  to  set  sensibly,  for  the  water  might  wash  away  the 
lime. 

During  the  tune  necessary  for  the  setting,  the  masonry  ought  to  be 
ooyered  either  with  wet  mats,  wet  straw,  or  wet  sand. 

*  Kou  bj  CoL  E.  A.  Biowalow,  R.B. 


In  the  case  of  ghooting  lime,  it  is  only  after  the  fonrih  day  the  mor- 
tar has  been  nseti,  that  watering  can  be  commenced. 

In  the  case  of  fat  lime,  the  hardness  of  the  lime  is  caused  by  the  crys- 
tallization of  the  calcareous  carbonate  recomposed ;  if  the  setting  is  al- 
lowed to  take  place  too  soon,  an  incomplete  crystallization  will  be  attained, 
together  with  some  carbonate  in  a  pnlyemlent  state. 

In  a  hot  climate  like  that  in  India,  in  the  case  of  hydraulic  mortars, 
which  take  a  long  time  to  arriye  at  the  maximum  of  hardness,  it  is  abso- 
lutely necessary  to  proceed  with  the  watering  until  the  mortar  is  pretty 
hard  both  outside  and  inside. 

Pu«ziiotona.— There  is  a  kind  of  puzzuolana  which  is,  I  think,  yery 
commonly  found  in  India,  in  places  where  laterite  exists ;  it  is  made  of 
red  ochre  earth.  The  ochre  I  received  from  Orissa  has  yielded  a  good 
result,  and  I  have  since  found  ochre  of  about  the  same  description  at 
Midnapore,  which  promises  the  same  results. 

By  using  this  puzzuolana  with  mortar  in  the  following  proportions  :— 

8  Sand,  1         i      1  Sand, 

2  Lime,  i   ^^  i      ^  Lime, 

1  Puzzuolana,    )         (1  Puzzuolana, 

the  quickness  of  setting  of  the  mortar  will  be  augmented  to  a  great  ex- 
tent ;  the  cost  of  such  a  puzzuolana  on  the  spot,  as  far  as  I  can  judge 
now,  will  be  from  4  to  6  annas  per  cubic  foot. 

Concrete. — In  the  concrete  I  would  advise  also  the  use  of  sand  instead 
of  eurkhu 

To  ascertain  the  quantity  of  mortar  necessary  for  the  making  of  a  good 

•  The  Tolume  of  mortor  should,  how-  concrete,  it  is  necessary  to  take  a 
ever,  always  be  somewhat  in  excess  of  water-tight  box  measuring  one  cubic 
this,  to  allow  for  imperfect  mixture.  fo^^,  and  fiU  it  first  with  khoa,  bro- 

ken  stone,  or  pebble  (which  are  to  be  used  in  the  concrete),  and  then  with 
water.  The  quantity  of  water  is  then  to  be  measured,  and  this  will  be 
found  equal  to  the  quantity  of  mortar*  necessary  to  fill  interstices. 

As  regards  broken  bricks  or  stone  in  small  pieces,  the  quantity  of  mor- 
tar required  for  100  cubic  feetof  broken  bricks,  varies  from  46  to  50  cubic 
feet  of  mortar. 

In  the  case  of  pebbles  and  small  round  stones,  100  cubic  feet  of  stones 
will  require  from  87  to  40  cubic  feet  of  mortar. 

•  KoU  by  Col  H.  ▲.  BrownloWi  R.l. 
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For  mixiiig  hhoa  or  BtoneB  with  mortar,  I  strongly  advise  the  nse  of  a 
**  B£tonniere  "  of  the  kind  I  have  seen  nsed  in  France,  of  which  I  annex 
a  drawing  {Plate  XYIII^).  I  gaye  last  year  to  the  ExecatiTe  Engineer, 
Cossye  Division,  a  sketch  of  such  a  <^  B^tonniere/'  Some  were  made  ac- 
cordingly by  him,  and  have  been  nsed  with  great  snccess  in  his  works. 

The  mode  of  nsing  snch  an  apparatas  consists  only  in  throwing  the 
materials  inside  by  the  opening  (a),  and  in  taking  care  to  throw  alternate- 
ly two  baskets  of  khoa  and  one  of  mortar,  if  the  proportions  of  the  con- 
crete are  2  to  1,  and  thus  the  whole  comes  oat  from  the  machine  by  the 
opening  (h)  perfectly  mixed. 

With  a ''  Bitoimiere  '*  1,000  cubic  feet  of  concrete  can  be  mannfactored 
ealBily  per  day. 

The  cost  of  one  will  be  about  Rs.  150. 


ObVERAL   RiMARKS    on  GhOOTINQ  LnfBSTOHBS. 

The  nodular  limestone,  called  Ohooting  or  hanhar  in  India,  generally 
is  by  its  chemical  properties  the  combination  of  a  hydraulic  stone  and  a 
cement  stone,  rather  a  little  too  rich  in  clay,  so  that  when  the  stones  are 
ZK)t  too  hard  to  break,  pulverizing  and  mixing  them  with  sufficient  water 
to  form  a  rather  hard  paste,  and  then  making  small  bricks  or  balls  and 
burning  them  sufficiently,  will  enable  the  manufacture  in  some  cases  of 
Portland  or  slow-setting  cement,  and  in  other  cases  a  kind  of  Roman 
cement  or  quick-setting  cement.  When  the  ghooting  is  burnt,  as  is 
generally  done  in  Bengal,  the  part  which  is  slaked  when  taken  out  from 
the  kiln  is  the  part  containing  the  quantity  of  clay  necessary  to  make 
good  hydraulic  lime;  large  portions  of  the  parts  which  are  not  slaked  are 
those  containing  more  clay  and  are  cement  stones ;  but  as  generally  they 
contain  too  large  proportions  of  clay,  it  will  not  do  to  bum  those  por« 
lions  again,  but,  on  the  contrary,  it  will  be  better  to  bum  the  whole  until 
fhey  cannot  be  slaked. 

The  following  details  will  serve  to  explain  my  reasons  for  adopting 
this  opinion. 

L— When  I  have  to  conduct  the  analysis  of  a  stone  of  the  same  kind 
as  a  ghooting-stone,  I  select  from  a  cubic  foot  of  stone  a  dosen  pieces 
of  different  shapes,  sizes,  and  appearances  ;  I  pulverize  them  roughly.^ 
and  mix  as  much  as  possible  the  powder  so  obtunedi 
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I  take  afterwards  a  small  quantity  of  it,  and  reduce  it  by  means  of  an 
agate  mortar  into  an  impalpable  powder,  of  which,  when  dried,  I  take  a 
quantity  weighing  150  grains,  and  it  is  on  this  last  quantity  that  the 
analysis  is  conducted. 

Il.-^Proceeding  in  this  way,  I  found  that  in  the  Bengal  ghooting-stone 
the  proportion  of  clay  varies  from  10*50  to  88*88  per  cent.,  the  ayerag^e, 
howeyer,  being  25  per  cent. 

Now,  if  we  look  to  the  analysis  of  the  lime  belieyed  to  be  the  most 
hydraulic  of  all  the  limes  known,  vii,,  the  lime  of  Theil,  (France,)  we 
find  that  the  limestone  from  which  that  lime  is  obtained  contains  only 
14*90  per  cent,  of  clay,  and  we  may  further  say  that  few  hydraulic  lime- 
stones at  home  contain  more  than  15  per  cent.,  and  none  more  than  20 
per  cent,  of  clay. 

III. — ^The  analysis  of  the  ghooting-stones  giving  an  average  propor* 
tion  of  25  per  cent.,  they  could  naturally  be  taken  for  cement  stones, 
but  experience  proves  them  to  be  only  argillaceous  limestones. 

Therefore  we  can  only  say  that,  if  the  ghooting-stones  were  more 
homogeneous,  they  could  have  been  classified  in  the  category  of  natural 
cement  stones. 

To  prove  this  opinion,  I  may  say  that,  if  we  separate  some  nodulea 
from  a  piece  of  ghooting  taken  in  its  natural  state,  it  will  be  found  that 
they  generally  differ  in  texture  and  appearance,  and  that  analysis  shows 
that  while  some  contain  as  much  as  50  and  55  per  cent,  of  day,  others 
are  very  nearly  pure  carbonate  of  lime. 

From  the  experiments  I  have  made,  I  feel  authorized  to  say  that  as 
regards  the  generality  of  ghooting-stones,  those  which  contain  from  20 
to  25  per  cent,  of  clay  are  very  hydraulic  limestones,  while  those  con- 
taining only  from  10  to  14  per  cent,  are  feebly  hydraulic. 

As  regards  those  in  which  the  proportions  of  clay  exceed  25  per  cent., 
ihey  produce  only  a  small  quantity  of  lime,  and  the  percentage  of  portions 
which  caimot  be  slaked  increases  proportionately  with  the  quantity  of  clay. 

I  have  been  able  to  verify  the  truth  of  these  last  remarks  in  many 
places  in  Lower  Bengal,  where  large  quantities  of  ghooting  lime  are 
manufactured. 

I  may,  however,  state  that  some  ghooting-stones  or  kankar  may  be 
found  sufficiently  homogeneous  to  follow  the  ordinary  rules  of  hydrauliQ 
limestones,  but  such  may  very  seldom  be  the  case, 
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iy.->-When  such  a  stone  as  ghooting  has  been  well  bnmt,  all  the  pro- 
portions containing  less  than  20  per  cent,  of  clay  slake  when  immersed 
in  water,  but  the  portions  containing  an  excess  of  clay,  called  generally 
"  refuse  ghooting  '*  in  Bengal,  remain  inert. 

v.— Now,  supposing  that,  after  haying  burnt  ghooting-stone  contain- 
ing an  average  of  20  per  cent,  clay,  the  half  only  of  the  total  quantity 
(which  we  will  suppose  to  be  100  cubic  feet)  slakes  and  yields  an  ordinary 
hydraulic  lime ;  it  must  be  taken  as  a  datum  that  this  lime  proceeded 
from  a  limestone  containing  about  10  per  cent,  of  clay. 

Consequently  the  50  cubic  feet  of  refuse  ghooting,  which  did  not  slake, 
must  be  considered  as  an  argillaceous  limestone,  containing  about  30  per 
cent,  of  clay ;  bearing  in  mind  that  the  proportion  of  clay  in  the  total 
quantity  of  100  cubic  feet  of  ghooting  was  20  per  cent. 

Therefore  I  draw  the  conclusion  that  this  ghooting  must  be  considered 
as  the  agglomeration  of  two  different  stones,  t.  e.,  while  one  yields  10  per 
cent,  of  clay,  and  produces  an  ordinary  hydraulic  lime,  the  other  contains 
80  per  cent.,  and  may  be  transformable  into  cement. 

YL— Again,  supposing  that  the  100  cubic  feet  of  ghooting  contains 
SO  per  cent,  of  clay,  and  that  we  obtain  (after  slaking)  a  lime  yery  hydrau- 
lic, and  50  cubic  feet  of  refuse  ghooting,  this  lime,  according  to  its  degree 
of  hydraulidty,  must  be  considered  as  proceeding  from  a  limestone  yield- 
ing about  15  per  cent,  of  clay. 

It  follows  that  the  refuse  ghooting  must  be  considered  as  an  argilla- 
ceous stone,  yielding  about  45  per  cent,  of  clay,  and  consequently  quite 
useless  for  the  manufacture  of  either  lime  or  cement. 

VII.— Under  such  circumstances,  therefore,  we  have  to  consider  the 
two  following  altematiYes,  if  it  be  intended  to  use  ghooting  for  making 
cements. 

In  the  first  case,  if  the  proportion  of  day  in  the  refuse  ghooting  be  the 
proportion  generally  found  in  cement  stones,  we  have  only  to  begin  by 
burning  the  ghooting  in  the  usual  way,  then  to  let  it  slake,  separate  from 
the  refuse  ghooting  the  lime  obtained,  and  to  re-bum  the  refuse  more  or 
less  according  to  requirement  for  either  slow  or  quick-setting  cement. 

In  the  second  case,  which  is  the  most  general,  and  where  the  propor- 
tion of  clay  exceeds  the  limit  of  the  quantity  usually  foand  in  cement 
stones,  we  may  follow  the  theories  of  Messrs.  Minard  and  Laoordaire 
(Ingenieurs  des  Fonts  et  Ohaussies),  who  are  of  opinion  that  some  argil- 


laoeons  limeBtonei,  of  wUch  portiont  oontain  clftj  in  ezoesBi  may  by 
a  long  process  of  calcination  with  a  moderate  fire  be  transformed  into 
oement, 

VIII. — The  soundness  of  this  fact  was  neyertheless  tested  by  the  ex- 
periment I  made  on  the  specimen  of  ghooiing-stone  A7  from  Dinapore, 
as  described  in  Statement  B* 

This  ghooting  yielded  a  qniok*setting  cement  when  calcined  with  a 
moderate  fire  nntil  it  would  not  slake* 

We  could  in  such  a  case  as  the  last  use  a  flame-kiln  for  caldnating  the 
ghooting  to  the  required  degree. 

IX. — I  must,  howcYcr,  reiterate  that  it  will  be  more  certain  and  more 
easy,  principally  on  account  of  the  burning,  to  choose,  for  the  manufac* 
tore  of  cement,  ghooting-stone  which,  containing  the  proper  proportion 
of  clay,  can  be  easily  pulrerized,  and  that  in  such  a  case  they  may  be 
treated  similarly  as  tum-homogeneauB  marly  clay. 

In  treating  about  ghooting  limestone,  I  may  as  well  state  that  the 
great  defect  in  hydraulic  lime  extracted  from  it  and  used  throughout  in 
Bengal,  lies  from  its  not  being  sifted  fine  enough.  Failures  in  buildings, 
are,  I  belieye,  ascribable  in  a  great  measure  to  the  mortar  prepared  with 
this  defectiTC  lime ;  for  ^training  ghooting  lime  properly,  however,  I  am 
of  opinion  that  nb  sieves  less  fine  than  one  of  20  meshes  to  an  inch  should 
be  used. 

In  order,  therefore,  to  give  my  conjecture  a  trial  and  my  opinion 
stability  as  to  the  defect  above  noticed,  I  made  a  rough  analysis  of  the 
ghooting  lime  used  in  the  Drainage  Department  of  the  Calcutta  Muni* 
dpality,  and  found,  as  anticipated,  the  following  result:— « 
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The  Margohi  quarries  are  only  10  miles  distant  from  the  head  works  at 
Dehree,  and  about  6  from  the  tramway  at  Dhodand^  which  comii^mu- 
Qates  with  the  head  works, 
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The  quarries  sre  at  the  foot  of  the  lollSf  and  can  be  worked  yery 
easily. 

It  is  erident  at  present  that  the  Soane  Circle  contains  snch  of  the  best 
materials  as  will  enable  the  mannfactore  of  good  cement.  Of  the  speci- 
mens received,  two  have  been  found  very  snitable  for  the  pnrpose.  These 
are  called  in  French  Mamea  ArgiUusia  marly  clay ;  one  of  these  B6, 
is  yery  nearly  like  the  Mame  of  Boulogne-aur-mer^  which  produces  a 
cement  which  is  considered  by  many  Engineers  better  than  the  English 
Portland  cement ;  the  other  marked  B7y  sent  to  me  as  white  clay,  is  also 
a  Mame^  and  by  its  combination  with  B6  will  enable  the  manufacture 
of  a  cement  of  the  kind  which  is  commonly  called  Eaman  cemerU. 

The  clays  B6  and  B7  are  yery  friable,  and  consequently  yery  easily 
pulyerized  ;  on  this  account  it  is  certain  (by  reducing  them  to  that  state 
and  eyentually  forming  bricks  with  them)  to  secure  a  good  homogeneity. 

In  Statement  B.  are  giyen  the  results  of  the  experiments  on  cement^ 
and  a  rough  analysis  of  those  two  descriptions  of  marly  clay. 

The  samples  Al,  A2,  and  A3  may  be  also  considered  as  cement  stones, 
but  the  layers  of  these  stones  are  of  different  qualities ;  some  are  cement 
stones,  and  others  similar  to  those  called  by  Yicat  Chaux  Lmites^  which 
are  always  dangerous  to  use. 

Should  these  stones  be,  howeyer,  burnt  to  a  high  temperature  and  at- 
tempts made  to  slake  them  with  boiling  water,  the  result  will  be  that 
while  the  portion  containing  the  Chaux  Limitea  gets  slaked,  the  other 
remains  unaffected.  I  opine,  therefore,  that  they  must  be  rejected  on 
account  of  their  want  of  homogeneity,  and  principally  on  account  of  the 
presence  of  the  Chaux  JLimitea ;  neyertheless,  I  intend  makmg  further 
experiments  with  them. 

The  clay  from  Dehree,  B9,  contains  8  per  cent,  of  sand,  but  after 
washing  it  may  be  used  with  marly  clay,  and  besides  it  may  answer,  if 
necessary,  to  increase  for  slow-setting  cements  the  proportion  of  clay. 

On  the  surface  of  the  ground  about  the  Margohi  quarries  there  is  to 
be  found  a  sandy  clay  to  a  depth  of  12  to  15  feet,  after  which  a  land  of 
shelly,  useless,  clay. 

This  shelly  clay  is  found  in  great  abundance  with  the  yellow  clay  B77, 
the  latter  containing  88  per  cent,  of  clay  or  snnd,  and  12  per  cent,  of 
carbonate  of  lime,  and  under  it  the  yellow  marly  clay  B6,  which  is  also 
plentiful,  but  which  can  yery  easily  be  distbguished  from  the  shelly  clay. 
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Th5  iDorih  strata  coniisted  of  blue  Btones  Al  and  A2,  mixed  with  the 
white  marly  clay  £7 ;  and  the  fifth  of  white  stone  A3. 

The  clay  B7  is  not  to  be  found  in  Tery  large  quantities,  but  for  the 
manufacture  of  cement  we  could  use  equally  well  the  white  stone  AS, 
which  possesses  very  nearly  the  same  chemical  composition^  and  may  be 
pulyerieed  almost  as  easily  as  the  white  clay. 

The  rates  are  as  follows  :— 

BztractiDg  raw  matarialB,  • .        ••  1  rapee per  100  cabic  feet 

Breaking  ditto^      ..        ••        .^  4  umaa  ditto        ditto. 

Carriage  from  Margohi  to  Dehree,  #  •  5  mpees  ditto        ditto. 

Coolie  labour,  per  coolie,   •  •        •  •  from  2  amiaa  to  2  amxas  6  pie. 

Fire-wood  per  100  mauids,  .  •  12  mpees  8  amias. 

Coal  per  mamid, •  9  amias. 

Buchnour  QuarrtVs.— These  quarries  are  5  miles  distant  from  Bohtas, 
24  from  Dehree,  and  1  from  the  Riyer  Soane.  They  are  also  at  the  foot 
of  the  hills,  and  the  extraction  is  yery  easy.  I  found  here  a  larger  yariety 
of  stones  and  clays  than  at  Margohi. 

The  more  hydraulic  stones  are  those  which  are  found  on  the  surface  of 
the  earth.  In  excayating  from  6  inches  to  1  foot,  you  arriye  at  some 
beds  of  nearly  pure  fat  lime,  but  on  going  in  deeper,  many  yarieties  of 
marly  clay  are  found,  similar  to  those  got  at  Margohi. 

I  was  enabled  within  a  yery  small  space  of  ground  to  collect  as  many 
as  eight  different  kinds  of  stones,  and  four  of  marly  clay,  yarying  from  the 
fat  lime  to  stone  or  day  containing  eyen  too  much  clay  for  being  cement 
stones,  which,  howeyer,  could  be  used  as  puzzuolana. 

Analysis  subsequently  proyed  to  me  that  the  specimen  marked  A48 
will  produce  a  slow-setting  cement,  and  its  homogeneity  will  afford  the 
adyantage  of  burning  it  in  its  natural  state. 

These  quarries  haye  heretofore  been  worked  only  by  natiyes  who  manu- 
factured fat  lime  and  sent  it  to  Patna.  Some  years  ago  they  manufac* 
tured  as  much  as  1,25,000  maunds  in  one  year  for  the  railway ;  but  now 
the  annual  manufacture  yaries  from  20  to  25,000  maunds  only. 

When  the  Soane  Canal  is  opened,  there  will  be  eyery  facility  for  the 
transport  of  cement  manufactured  at  these  quarries,  owing  to  their  yici- 
nity  to  the  riyer. 
The  rates  at  Bucknour  are  as  follows  :-— 

Extracting  raw  materials,      »•       •  •       1  mpee  per  100  cable  feet 
Breaking       ditto,      ••        ••        ••       i  aonas  ditto       ditto. 
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Cirriage  from  Backnonr  to  Dehree,    ••    7  to  8  rnpees  per  100  maiuidfl. 

Ditto  ditto  Fatna,     ••    18  rapeea  ditto       ditto. 

Coolie  labour,  per  coolie,     ••     •  •     ••    from  1  anna  6  pie  to  2  annas. 

Fire-wood  (rather  scarce)  per  100  maandB,    7  rupees 
Coal  per  mannd,    .•  ••      ••      ••    8aDiia8  6pie, 

I  think  a  patient  and  deliberate  exploration  of  the  range  of  hills  from 

Margohi  to  Eohtas,  will  lead  to  the  discoyeryof  seyeral  yarieties  of  nse«- 

f  al  stones.    I  intend  to  carry  out  a  carefal  research  personally,  if  the  Ooy- 

emment  sanctions  the  constraction  of  a  small  cement  factory  at  Dehree. 

Dehree  Division. — My  inspection  of  the  quarries  of  Margohi  and  Buck- 
nour,  and  the  series  of  experiments  I  haye  already  made  on  the  speci- 
mens from  those  quarries,  confirm  me  in  the  opinion  that  this  is,  for  the 
present,  the  best  place  for  manufacturing  both  slow  and  qtdck-setting 
cements. 

Cement  Experiments. — On  the  19th  of  June,  opon  receipt  from  the 
Dehree  Diyision  of  160  cubic  feet  of  the  following  materials,  viz,,  yellow 
marly  clay  B6,  white  marly  clay  B7,  white  stone  A3,  and  yellow  clay 
B77, 1  commenced  immediately  the  manufacture  of  cements,  but  instead 
of  hiring  monthly  or  buying  a  sttrhhi  mill,^  and  an  engine  for  pulyerizing 
the  materials,  I  found  it  more  conyenient,  and  comparatiyely  less  expen- 
siye  to  hire  one  of  Messrs.  Bum  and  Company's  surkhi  mills  at  Bow 
Bazaar,  at  Rs.  18*  per  day  wheneyer  I  require  it.  The  materials  were 
sent,  and  they  were  yery  easily  reduced  in  surkhi  mills  into  fine  powder, 
and  afterwards  I  had  the  following  mixtures  of  raw  materials  made  :«- 

Iflt  ..    {I'J^ofBT     J   1° ''hich  the  average  of  day  wa»  22  per  cent 

2nd  ..    I  5^paSofB7     }  Arerage  o£  clay  28  per  cent 

r   2  parts  of  B6     | 
8rd  ••   <   1  part  of  37     V  Ayeraee  of  clay  82}  per  cent 

(   i  part  of  B77   ) 

These  I  put  into  yats  of  the  reseryoir,  which  I  filled  with  water,  and 
agitated  the  whole  until  the  appearance  of  a  perfect  homogeneity.  The 
water  was  afterwards  allowed  to  flow  off  gently,  and  the  deposit  is  now 
drying,  and  I  hope,  weather  permitting,  to  see  it  arriye  in  a  few  days  to 
a  consistence  sufficient  to  enable  me  to  form  cakes,  &c. 

From  all  the  experiments  on  a  small  scale  I  haye  hitherto  made  on  the 
ghooting-stones  or  kankar,  I  feel  conyinced  that  it  will  be  possible  to 
make  good  cement  with  some  of  them* 

•  Including  coit  of  ooal,  tlndal,  4c. 

8 


The  oompoflMiioii  wliieh  seems  to  me  at  present  the  b^st  aAd  the  ipost 
easy  to  bam  for  the  OM^g  of  a  slow-setting  cement  uh^ 

Ipart  oCB7^ 
i  part  of  B77. 

It  can  be  burnt  near  Tftriftcation,  and  sets  in  ten  hours. 

Fbr  another  qnick-setting  cement,  I  consider  the  following  compoai- 

tion  die  best  :— 

8  parti  of  B9^ 
1  ptfl  of  B7. 

Tk^  em(«9;t  pYodfioAd  from  this  seta  ia.  8&  miaaitea»  a^d  lATafj  ea^  ta 
nse,  as  it  does  not  set  too  quickly.  It  requires  a  slow  heat,  and  oons»»' 
qi^eiitljr,  iftoi,  n^nch  fo^l ;  it  o^ust  b^  bamt  onlj  neinrtaconi^leteoeicma- 
tioa,.  apd  consequently  ofoght  always  to  retain  a  sinaU  q^Muititji  d  oais 
bonip  acid.  When  too  imch  burnti^  if  imui^diately  usad,  i^  piToducea  « 
tery  bad  result  as  shown,  in  sample  17 A,  of  Stafcem^nt  0. ;  bat  if  ia-i 
atead  of  u^ii^  it  immediately,,  it  is  left  exposed  for  aboud  o»e  month  t^ 
the  air,  soqaa  c^bonic  acid  returns,  aivd  it  tivns  oqA  as  good  aa  if  nofe 
too  mu^h  burnt ;  it  tajcas  Quly  a  little  mtoae  time  in  getting.  This  f»* 
sjdlt  10  shown  Ij  sapple  17B, 

On.  account  of  this  pecoliarity  it  will  only  be  necessarj^,  after  haTiai^ 
tak^iV  out  of  the  kiln  thp  cement,  which  may  often  contain  some  porti<Htf( 
too  much  burnt  (which  are  very  easily  detec^d  with  a  little  practice),  to 
grind  and  to  leaye  them  exposed  in  open  sheds  for  a  certain  time  before 
using  them. 

The  same  peculiarity  exists  also  in  all  tha  cementa  obtained  from  the 
different  mixtar es  of  the  marly  clays  B&  and  B7. 

Another  example  of  it  ia  shown  in  St^^teq^ei^t  Q.  by  ik»  eqcperimenta  of 
2iYA.  and  2iyB. 

As  leegards  the  quaUty  of  cement  No^  17, 1  tried  the  traotileatceQgtl^ 
of  a  certain  quantity  bumtfor  100  hours  comparatiyely  with  the  strength 
of  English  Portland  cement ;.  the  prods  verM  on  page  xxii  shows  tba 
result  of  the  experiments, 

I  made  also  balls  of  mortars  composed  (rf-^ 

w A  1  /  2  parts  of  land, 

"^'^  ••   t  Ipart  of  cement  Na  IT  I 

aud 


1 


^■vna^HKpmwmi 


■ 

•».  «  (2  porto  of  nud, 

"°* '.        ••11  part  of  Portland  cement. 

No.  1  pat  nnder  water,  two  hours  after  being  made,  was  not  aiBTeiiBted 
by  the  water,  and  since  its  hardness  has  been  increasing  very  sensibly. 

No.  2  put  tinder  water  simflarly,  fell  into  pieces. 

As  far  88 1  can  jxidge  at  present,  the  probaUe  cost  (inciting  bnming 
by  xsoal)  of  mannfactoring  a  cement  eqlial  to  No.  17  «t  P^hrte,  tramld  be 
w  foUows  :•— 

BS.A.   p. 
Extracting  materials,         ••        ••        ..         10    0    perldOcfi 

Bktakftig       ditto,  0    4    6      „  „ 

Olarria^a  of  ditto  £ro«i  MargoU  lo  IMl!ee^         S    0    0     «  -^ 

Grinding  raw  materials,      ..        w«        ••        10    0    0      ,,  ,i 

Mixing  and  washing  materials,  as  also  mak- 
ing cakes  or  balls,  ..        ..        ••         8    0    0 
Loading  and  unloading  kiln,  ••        ..  2    8    0 
Grinding  bnmt  cement^      ..        ••        ••        15    0    0 
Wear  and  tear  of  h$g8  p«t  trip  at  6  pie 

per  bag,    ••        .b        8    2   0 

I >■ 

di»  14  0 

20«anmdsQf  ooa^at-SanltaBper  mamid,         11    4    0 

51    d    0 
Coniiagettcise,ab(liit20ptoGent,  ••       ••       10    0    0 

Total,  ••       61    2    0 

I  think  that  in  nsing  a  flame-  kiln  of  ike  Idnd  desciA^  by  Ticvt  Ibr 
the  bnming  of  artificial  hydranlio  lim^,  we  conld  bom  the  cement  with 
fire-wood. 

Ik  Mi49li  ft4a^  th6<}«M  wai  be  as  fbHoWs  :-^ 

Bztraeting,  carriage,  gtindingySlw«,  as  aborealioinit  ••  -80  U  0 
88  mannds  of  fire-wood,  at  Rb.  12*8  per  100  maonds,  ••  4  2  0 
Contingencies, Bay,  ••        ••       •#        tO  0    0 

54    0    0 


rmm 


As  I  hate,  in  calctdatuig  the  probable  cost,  nsed  the  higher  rates  which 
may  hereafter  be  considerably  reduced  when  the  works  will  haye  assnmed 
a  certain  importance,  I  may  say  that  in  case  of  coal  bei;ng  bnmt,  the  cost 
of  the  cement  will  not  exceed  Es.  61-2  per  100  cubic  feet,  or  9  annas  10 
pie  per  dibf^  loot,  or  in  round  nnmbers  10  aimas ;  but  if  fire-wood  b^ 


vied,  the  eoit  vill  not  exceed  Ba.  54  per  100  cnbio  feet,  or  8  umas  6 
pie  per  cobio  foot. 

Pboois  Ybbbal. 
ExptrimtnU  on  the  eomparativt  tractile  tlrength  of  Caaent  Ifo.  17  and 
English  Portland  Caaent  (jtut  importtd  and  in  very  good  condition). 

Cment  So.  n.-o™^«-,  j  ^'~  fffjSl^fl^'  \  m.'^Sl 
Three  bricks  were  joined  together  by  meana  of  a  mortar  made  with  thia 

cement,  pure,  and  vere  left  exposed  to  the  air  for  24  honre. 

These  were  then  put  nnder  water  for  10  dajB,  and  on  being  tftken  out 

were  left  exposed  for  2  Akjb  and  17  honrs,  and  then  tried,  makings  a 

total  of  18  dajB  and  17  hoiirs  aiter  the  manofactore. 

Fig.  1.  Fig  2. 


I  put  the  block  held  by  the  clamps  u  shown  in  Fig.  1,  and  loaded 
it  with  1 ,065  be.  The  block  stood  without  any  apparent  injury  for  about 
three  minutes,  and  then  the  brick  C  giie  way  partially  as  shown  in  tha 
accompanying  figures. 

Fig.  8. 


I  made  i  new  hole  (tn)  in  tiie  centre  brick  and  tried  it  again. 


APFBITDIZ* 


When  loaded  with  1,816  lbs.,  the  joint  (a)  gare  wayj  the  first  brick  A 
remaining  iatact,  and  the  brick  B  haying  a  portion  k  broken  {vide  fignres) ; 
Fig.  4.  Fig.  6. 


A.  Plan.  B.  Plan,  B.  Section,  ^ 

the  unshaded  parts  show  the  cement  which  remained  attached  to  bricks  A 

and  B ;  the  shaded  portion  shows  the  cement  joints  separated  in'  pieces 

npon  the  two  bricks. 

The  cement  inside  the  joints  was  found  very  hard ;  the  bricks  were 
first-rate  burnt  bricks,  but  the  bricks  A  and  B  (principally  A)  were 
found  sensibly  better  and  harder  than  G. 

In  putting  the  cement  mortar  between  the  two  bricks  A  and  B,  the 
precaution  of  putting  an  hollow  part  against  a  flat  one^not  haying  been 
taken,  two  hollow  parts  being  put  together,  air  got  within  and  left  the 
hollow  portion  marked  in  dotted  line  in  Fig.  5  ;  the  surface  of  that  por- 
tion in  which  the  mortar  did  not  touch  the  brick  was  8  square  inches. 

The  total  area  of  the  brick  was  4^  x  9^  square  inches  =  42|  square 
inches ;  deducting  from  this  the  8  square  inches  aboye-mentioned, 
balance  of  84|  square  inches  for  the  total  surface  was  left,  which  may 
fairly  be  calculated  to  oppose  resistance  to  the  tractile  strength,  and 
it  may  consequently  be  said  that  weight  of  37*87  per  square  inch  was 
necessary  for  the  breaking  of  the  joint. 

Portland  Cement.— The  same  process  as  the  last  answered  for  this 
experiment. 

I  put  the  block  held  by  the  clamps  as  shown  by  Fig.  1,  and  loaded  it 
with  1,148  lbs. ;  the  brick  G  broke,  but  at  the  same  time  a  crack  ap« 
peared  in  the  joint  b,  and  I  could  separate  the  bricks  B  and  G  easily. 

The  state  of  the  breakage  of  the  brick  is  shown  in  Fig.  6. 

Fig.  6. 


C.lSeeHen.  C.  Plan. 

I  made  a  new  bole  (m)  {Fig.  2)  on  the  brick  B  and  tried  it  again. 


tfPBHDIX* 


WliAii  Ioid«d  itiUi  l^M  fts., itfte  briok  A  krAo  inllio  mahit  Way  M<he 
filvt  ona^  bat  the  Joint  jsmiuMd  iiita(Ot. 
J^«.  7  and  8  show  bow  ihe  mortar  remained  attached  t*  the  bricks. 

Fig.  7.  Fig. «. 


A.  tnan.  A  Plan. 

A  small  pieoeof  theMck  (f)  broke  and  remained  fixed  otitke  otfierkriek 
In  joining  these  two  bricks,  some  air  got  in  also,  atod  left  in  ibe  neortav 
a  hollow  portion,  lihe  surface  -of  which  was  1|  sqnare  incfliee ;  this  being 
subtracted  from  tke  total  sorf aee  of  42|  sqnare  mohes,  f^e  balance  was  41 
sqnare  inches.  It  may,  there£^e,  be  said  tikat  a  Weight  of  S8  lbs.  ft/f 
sqnare  inch  was  fiecessary  for  tiie  braking  of  the  joint. 

NoM.^^I  irtopped  ik^  experiments,  haring  Ihe  intention  of  Irfiag  Hie 
temaining  joints  ixttwdi  wtten  they  become  two  montiis  old. 


If  (OS  hy  L1BVT.-O0L.  R  T.  Haio,  B.E.,  Offg.  Qiitfi  AwNHMir,  Bengal 
Irrigatum  Brai^ 

Mr.  Pejonx'a  experiments  ng  to  H^^  present  time  seem  to  lunre  pretty 
well  establislied  two  points. 

(I).  Thi^t  a  centeAt  quite  eqn(^  to  Portland  dement,  as  reoeiyed  in 
tliis  conntrjy  can  be  made  from  a  combination  of  a  marly  clay  and  a  lime- 
stone found  close  together  a^  the  bai|e  of  the  hills  skirting  the  Soane, 
from,  the  Dehree  Stone  Qn«rries  at  Dhodand  to  Boht^s,  a  distance  of 
20  mile^. 

(2).  l^at  ^n  equally  good,  cctm^nt  may  be  ma4ufactared  from  the 
Sylhet  lime  and  Calcutta  blue  clay. 

With  regard  to  the  firsts  Qement,  '^.  Dejouz  states  ths^t  any  quantity 
of  the  materials  is  available.  The  strata  lie  generally  near  the  foot  of 
the  hills,  which.  haTO.  a  rather  steep  slope ;  }^xxi  there  w^l  be  not  need  to 
cut  deeply  into  the  face  of  the  hill  at  any  point,  whkh  would  be  ezpen- 
sive,  as  by  goii^  a  IjJbtle  fivther  along  the  hill  more  of  the  material  can 
be  obtained. 

Calculating  on  the  data  as  to  cost  of  extraction,  carriage,  &e.,  afi^ded 
by  the  works  at  Dehree,  ft>r  which  Hme  is  now  brought  from  Margohi 
(a  point  in  the  hills  referred  to,  about  6  miles  from  the  stone  qQaniefr)| 
Mr.  Bejoux  thinks  that  the  cost  of  the  cement  at  Behree  would  be  about 
Bs.  61  per  100  cubic  feet,  if  coal  were  used ;  or  Its.  (4,  if  wood. 

The  cost  of  carriage  to  Arrah  by  canal  would  be  Be.  8  per  100  eubie 
feet. 

IVom  Arrah  to  Calcutta  by  rail  the  cost  would  be  Bs.  4^  pet  100, 
and  from  Arrah  to  Cawnpore  by  raft  Bs.  40. 

Hius  the  cost  of  the  cement  in  Calcutta  would  be  for«- 

Qarrifyer^ 

Ddixee  to  Amh,       •••       •••       ••! 

Amh  to  CftlcottSt     •••       ■•<       ••• 
Terminal  duvges,  ihifts,  Ac, 


«•. 


Cost  of  oemsntat.Ileb*^ 

!h)t4aM|aiCal«»tta, 
The  cost  at  Cawnpore  would  b 


M< 

•>• 

a 

••A 

••• 

40 

••• 

•  •t 

10 

•a. 

•t 

GO 

•«t 

•f- 

US'  p«r  100  c. 

1 


ilri  APPBvoix. 

Carriage^^  •  Bs. 

I}6hre6  to  Amhf       ••#       •••       •••       •••       •«•         8 

Amh  to  Cawnpore,  •••       •••       ^       •••       .««       40 

Twmiiud  charges,  &c.|         «       •••       10 

58 
Prinio  oorty       ...       60 

Total  eost  at  Cawnporei  118  per  100  e.  feet. 

If  the  cement  were  sent  by  water  all  the  way  to  Calcuttai  the  cost  there 
would  be  abont  Rs.  100. 

The  cost  of  Portland  cement  in  Calcutta  is  Rs.  9  per  cask,  containing^  6 
cubic  feet,  but  there  is  always  a  wastage  of  half  a  cubic  foot,  so  that  the 
actual  cost  is  Rs.  2  per  cubic  foot,  or  Rs.  200  per  100  cubic  feet. 

Adding  railway  charges,  the  cost  of  the  same  cement  in  Cawnpore 
would  be  Rs.  290  at  least. 

Thus  the  relative  costs  at  each  place  would  be— > 

CdUmttO'^  RS. 

Portland  Cement,        200 

Margohi        „  „        100  to  118 

Caumpore^^ 

Portland  Cement, •        ••«       •••       290 

Margohi       ,«  •••        ...        •••        #•«        •••        118 

These  calculations  seem  sufficient  to  show  that,  if  the  cement  can  be 
made  for  anything  like  Rs.  60  per  100  cubic  feet,  there  would  be  a  rery 
eztensire  demand  for  it. 

Mr.  Dejoux's  experiments  with  the  cement  manufactured  from  Bylhet 
lime  have  not  yet  gone  far  enough  to  enable  him  to  judge  what  its  cost 
would  probably  be,  but  he  thinks  it  would  be  about  Rs.  100  per  100  c.  ft. 

Mr.  Dejouz  also  reports  that  some  specimens  of  kankar  lime  sent  him 
by  Captain  Heywood,  which  came  from  a  bed  somewhere  in  the  Bhahabad 
District,  not  far  from  the  line  of  the  Arrah  Canal,  appear  to  form  a 
natural  cement.    I  am  inclined,  however,  rather  to  distrust  any  natural  ' 

cement  produced  from  this  source  on  account  of  the  want  of  homogeneity 
in  the  material,  and  think  that,  for  the  present,  operations  had  better  be 
confined  to  the  Margohi  stone. 

I  think  there  is  now  quite  enough  to  warrant  the  commencement  of 
the  manufacture  of  cement  at  Dehree,  or  in  that  neighbourhood,  on  a 
small  scale.  The  Soane  works.alone  will  require  a  certain  quantity :  and 
if  the  manufacture  is  limited,  in  the  first  instance,  to  their  requirements^ 
we  shall  probably,  in  the  course  of  a  year  or  two,  by  gradual  improTe- 
ments  in  the  processeSi  arrive  at  a  really  first-rate  cement. 


-  *■ 


A^PCKDit. 


Sticvil 


'Tabulab  Statikxvt  a. 

^ougk  Analynii  of  the  Specimens  which  have  been  iumt  for  the  purpoee 

of  making  Cement. 


i 

ft 


B6 


Al 


MatorUlfl  from  wtaADoe 
obtained. 


OontpoBition* 


Marly  day  from 
&rgom| 


••• 


f*« 


Carbonate  of  lime       •  • 

n       of  ICagnena*. 

Oxide  of  Iron  •  • 

^^  I  Alumina" 
Sand  •• 


Total 


•  • 


Carbonate  of  lime 

of  Magnesia 


If 


B7      Marly  day  from  . 
Margohi, '^ 


AS 


A2 


Bine  ttone  fmn 
Margohi|    ••• 


••t 


White    limestone, 
Margohii 


••• 


••• 


Bine  stone  ~  from 


Mai^hi, 


••• 


#•• 


Oxide  of  Iron 

CUyi?\^*<».     •• 
'  (Alnmma*. 

Sand 


•  • 


Total 


Carbonate  of  Lime  • 
M  of  Magnesia. 
Oxide  of  Iron  • 

^  \  A  inmlna  •%        • 
Sand 


•  • 


Total 


•  • 


I 


60  65 

14*85 

067 

28*88 

I'OO 


100-00 


80K)0 
Traces,  bnt 
notappreci- 
able. 
Ditto 


} 


I 


Carbonate  of  lime  •  • 
„  of  Magnesia. • 
Oxide  of  Iron  • . 

Clay  I  ?,^*^.     -^ 
-     ^  I  Alumina  •• 

Sand 


•  • 


Total 


ft 


Carbonate  of  lime 

^•^  {  Alumina 
Sand  •• 

Oxide  of  Iran    1 1 

Total 


• . 
•  • 


20*00 
00-00 


10000 


5407 

ll'OO 

1*88 

8200 

1*60 


100*00 

75-73 
0-44 
0-50 

28-88 

0-00 


100-00 


81-84 

16-00 

0-66 
2-00 

10000 


i  Hydraulic  lime* 
stone  containing 
lime  limites  in 
notable  propor* 
tion. 


kxriii 


▲tMRbtx. 


I 


]C«terl«li  from  wbtnoe 
obtainml. 


OooipoiltioiL 


▲48 


from  Itohtas 

mikft  from  Dehree,     I 


B77 


limMtone  \ 
u  Hill,  24  < 


Yellow  day  fonad 
atMaigohi, 


•• 


■»IIH*1I 


A7 


Qhooting-«tone 
from  Dinaporei     •  • 


Carbonate  of  Lime 
Clay  and  Sand 
(Feeble  traces  of  Oxide 
of  Inm  and  Carbon|ite  of 
Magnesia). 


Total 

^»< **< 


Carbonate  of  Lime       •  • 
p       ofliagaerift.. 


72S4 
37-66 


10000 


Oxide  of  Iron 
OUT  \  ®^«'. 
Sand 


•* 


•• 


Total 


•  • 


I 


11-80 

(no 

lilone. 
82-00 
600 


>  Cement 


Good  for 
'factare  of  slow- 
setting  oettent. 


Carbonate  of  Lime    ^  t* 
„        of  Magnesia . . 


Oxide  of  Iron 
pirfir  i  Silica 

Sand 


•  • 


•• 


Total 


•  • 


100*00 


I 

Not  appre- 
ciable. 


77-00 

1-00 

32-00 


100-00 


Remi^rhi  ahout  the  preparation  ef  ihe  eeumpUe  fer  temmt. 

let, — ^The  samples  marked  Nos.  1, 2»  8, 4»  1^,  6|  bare  been  pnlToriied  and  faaaed 
throngb  a  siere  of  60  mesbes  to  one  inch.  The  proportions  of  each  haTe  been  cara- 
f  ally  measared  in  volume,  after  being  mixed  in  water  \  the  water  was  then  reinoTed 
by  decaatation,  and  the  mixtaro  left  nntil  formed  into  the  consistence  of  a  rather 
hard  paste.  Of  this  paste,  balls  were  made  of  about  2}  inches  in  diameter ;  these 
balls  were  exposed  to  the  snn  for  seven  days  and  bnmt  in  the  small  kiln  with  toke  ; 
when  teken  ont  from  the  kiln,  they  were  pnlverized  and  strained  throagh  a  siere  <A 
60  meshes  to  one  inch. 

The  powder  thiis  obtained  was  mixed  with  a  little  water  and  made  into  a  rather 
stifE  paste,  of  which  while  a  portion  was  pat  into  a  tumbler  and  immersed  in  Water, 
of  the  other  a  cake  was  made  and  left  exposed  to  the  air. 

The  cement  in  Water  eventaally  was  tested  with  the  Aignille  of  Vicat. 

2«wf.— The  samples  marked  Kos.  9, 11,  and  12  were  not  palveiised,  bat  I  pnl  onlj 
the  stones  (well  washed  previbasly)  in  the  kiln,  and  after  boniing  dfted  them 
throngb  the  same  sieve  of  60  meshes. 
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Nora-^Tfaa  only  addition  to  this  issue  of  Yol  I.  is  Appenaiz  Uf  Bull's  Brick 
Kilns.  This  system  of  brick  bnrning  is  well  worth  the  attention  of  all  who  hare 
to  bom  bricks,  even  in  small  quantities,  from  the  certainty  of  the  ont-tam,  which  it 
is  believed  will  well  repay  the  royalty  dne  to  tiie  inventor.  Mr.  Ball  also  adyertises 
his  readiness  to  sQpply  men  accustomed  to  eonstruct  and  work  these  kilns,  a  coaw^ 
nience  which  all  who  have  tried  to  burn  bricks  on  any  system  with  an  untrained  stalE 
will  thoroughly  appreciate. 


A.  M.  B. 


APPENDIX    II, 

By  W.  Bull,  Esq.,  A.I.O.E, 


BULL'S    BRICK  KILNS. 


Bull's  Annular  Jiiln^Platea  XIII  a,  hJ]  The  process  resultizig 
from  the  use  of  this  kiln  is  applicable  eitlier  to  one  of  an  annular  form, 
auitable  for  continuous  burning,  or  to  an  oblong  one.  When  the  ne« 
cessarj  space  can  be  obtained,  the  former  will  be  found  the  better  plao. 

A  length,  say  of  50  feet,  having  been  built,  loading  oau»  If  required, 
be  commenced,  and  until  the  entire  circle  is  completed  the  operations 
of  building,  loading  and  burning  can  be  carried  on  simultaneously. 

The  saying  in  time  resulting  from  this  is  obvious,  as  the  supply  of 
pakka  bricks  can  be  commenced  three  weeks  after  first  starting  operations, 
and  it  will  be  found  that  six  furnaces,  containing  14,400  bricks,  can  with 
ease  be  fired  daily;  and — ^with  a  percentage  of  66  only  of  1st  class 
bricks—a  single  kiln  is  capable  of  turning  out  three  lakhs  per  month-  The 
length  mentioned  having  been  built,  a  wall  should  be  run  up  between 
two  furnaces  at  one  end,  and  setting  commenced*  The  method  of 
«  setting  "  shown  in  Plate  Xllla,  is  suitable  for  bricks  9''  x  4^'  X  2}". 
If  a  larger  size  be  required,  the  number  of  air  passages  and  concentric 
walls  can  be  reduced.  In  the  plan  given,  the  walls  should  be  3  in^he^ 
«part,  the  spaces  between  the  outer  walls  and  the  casing  of  the  kiln 
being  4|  inches. 

The  concentric  walls  are  covered  by  the  intermediate  bricks  being  on 
the  walls,  thus  giving  the  open  work,  set  as  dose  together  as  possiblCi 
imd  flushed  over  with  soft  mud,  to  effectually  close  all  interstices* 

Between  the  IQth  and  11th  flues,  for  a  space  1*6  feet  broad,  the  brick  flat 
should  be  omitted  for  the  chimneyi  which  may  either  be  of  sbeet-iron  as 

6 


ihown  in  the  plan,  or  ba  built  up  of  loose  bricks,  whicli  can  be  taken 
down  and  used  for  the  next  chimney  as  required.  A  compact  layer  of 
ashes  or  earth  6  inches  thick,  should  now  be  spread  oyer  the  whole,  up 
to  the  chimney,  and  firing  commenced  in  the  first  two  furnaces.  It 
should  be  carried  on  as  briskly  as  is  consistent  with  a  complete  combM- 
Hon  of  the  fuel.  If  forced  beyond  thU,  an  accumulation  of  charcoal  in  the 
fuesj  and  a  greater  expenditure  of  Jud  ie  the  result.  After  six  hours  a 
third  furnace  should  be  opened,  and  again  every  successiye  6th  hour 
another,  until  six  in  all  are  being  fired. 

The  two  first  furnaces  fired  will  be  burnt  in  from  86  to  72  hours,  and 
as  each  in  turn  is  sufficiently  burnt  it  should  be  closed  and  another  in 
front  fired. 

If  the  wood  be  dry  and  firing  well  attended  to,  six  furnaces  should  be 
closed  daily.  In  the  meantime  loading  has  been  going  on,  and  by  the 
time  six  furnaces  hare  been  fired,  should  hare  advanced  far  enough 
beyond  the  first  chimney  to  put  up  a  second,  the  operation  of  covering 
is  being  repeated  in  the  same  way  as  before.  This  bemg  done,  the  first 
chimney  should  be  removed,  and  the  space  covered  up  like  the  rest. 
This  is  to  be  carried  on  regularly,  bearing  in  mind  that  the  firing  should 
never  be  allowed  to  come  within  the  length  of  four  furnaces  from 
the  chimney.  After  the  draaght  has  been  thoroughly  established, 
the  mouths  of  the  ash-pits  can  be  closed  up  with  loose  bricks,  but 
not  plastered  until  the  50th  flue  has  been  fired.  They  can  then  be 
entirely  closed,  and  the  air  for  the  combustion  of  the  wood  can  be  sup- 
plied by  opening  the  mouth  of  the  20th  ash-pit  in  the  rear  of  the 
firing,  and  successively  as  each  furnace  is  closed,  another  ash-pit  can 
be  opened,  and  the  one  last  opened,  closed.  By  the  time  the  90th 
furnace  has  been  fired,  xmloading  can  be  commenced,  the  ashes  hav- 
ing first  been  taken  off,  and  used  on  the  part  being  loaded,  which 
will  by  this  time,  have  advanced  within  a  short  distance  of  the  part 
first  fired ;  the  ash-pits  can  also  be  opened  up  to  the  50th  in  the  rear  of 
the  firing,  and  this  should  be  done  regularly.  The  kiln  now  is  in  full 
operation,  which  can  be  continued  all  through  the  working  season  unless 
stopped  by  rain.  If,  however,  in  this  case  the  loading  is  well  in  advance 
of  the  firing,  the  latter  may  be  continued  at  a  diminished  rate,  by  firing 
a  smaller  number  of  furnaces,  as  it  is  a  great  object  not  to  stop  entirely. 

One  man  on  each  side,  with  a  change  for  the  nightj  will  be  found 
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Bnfficient  for  firing  the  Uln ;  with  &n  experienced  man  to  superintend 
the  final  closing.  The  firing  is  under  easj  control,  and  the  time  for 
finally  closing  the  famaces  can  be  known  by  the  amount  of  settlement. 
About  two  inches  all  oyer  will  be  found  sufficient.  If  one  part  settles 
more  than  another,  the  firing  should  be  lessened  in  that  particular  part. 
The  ashes  or  earth  should  have  been  spread  eyenlj,  and  the  settlement 
can  then  be  seen  bj  using  a  straight  edge  across  the  top.  By  taking  a 
sample  brick  from  the  top  of  the  outer  wall,  it  can  also  be  seen  when 
the  bricks  are  thoronghly  burnt.  It  will  be  found  in  practice  that  the 
fdmaces  on  the  inside  of  the  circle  will  be  ready  before  those  on  the 
outsidci  and  in  the  proportion  the  lesser  length  of  the  inside  concentric 
walls  bears  to  that  of  the  outside.  There  will  at  times,  therefore,  be 
one  less  firing  on  the  inside  of  the  circle. 

The  following  statements  will  show  results  from  a  section  of  ten  fur^ 
naces  in  actual  practice,  the  number  of  hours  fired,  the  quantity  of  fad 
consxmied,  and  the  cost  of  the  out-turn.  The  ten  chosen  are  somewhat 
under  the  average  as  regards  result,  haying  been  fired  when  the  kiln 
was  quite  new  and  damp.  After  passing  the  part  first  fired,  there  is  a 
sensible  decrease  in  the  consumption  of  fuel,  and  corresponding  saying 
in  cost. 


No.  of  fornaoe 
in  order  of  firing. 

& 

• 

1 

BrickB  in  each. 

Ont-tom. 

M^                   m 

IstOlaai. 

2nd01aaB. 

SrdOlaBi. 

Ballait. 

Bamarti. 

51 
52 
58 

22 
82 
26 

28 
28 
28 

2400 
2400 
2400 

^ 

The  wood  used  was 
diT    mango    wood, 
taking  5  cubic  feet, 
closely  stacked,    to 
themannd. 

54 

25 

28 

2400 

55 

56 

18 
17 

28 
28 

2400 
2400 

1^  18,500 

2,400 

■ 

2,750 

850 

57 

27 

28 

2400 

58 

18 

28 

2400 

59 

9 

28 

2400 

60 

8 

26 

2400 

• 

nae?lii  APPnDtx, 

STinunr  i Hownra  Ooi t. 

BS.  A.  F. 

LoadiDg  the  Bame,  at  Rs.  0-6-0 ••     ••  (  i^a  a  a 

Firing  do.,  at  R8.  0-2-0 f  *«  "  " 

UnloadlDg  do.,at  Rs.  0-4-0,  ••     ••     ••     ••     ..J 

233  mannds  of  wood,  at  Rb.  24 56  0  0 

CoBt   of  kiln   per    1000   fired   in    one   season, 

atRB.0-4-0, 6  0  0 

Boperintendenoe,  &c.|  at  Ra.  0-4-0,      ••••••  600 

Total  Ra.    ..  116    0    0 

which  divided  proportionately  gives— 

18,500  Ist  class  bricks,  at  Rs.  5-4-8*2,  per  1000,  98    7  8 

2,400  2nd    „         „             „   4-0-0        „  9    9  7 

2,760  8rd     „         „             „   84)-0        „  8    4  0 

350  Ballast  at  Rs.  2, 0  11  2 

Total  Ra.    ..  116    0    0 

The  kiln  can  be  built  either  of  mnd  with  kachchha  brick  flaes  and  floor- 
ngy  or  with  kachchha  bricks  set  in  mad,  entirely.  In  the  latter  case,  it 
will  coat  about  Rs.  450,  and  this  distributed  over  a  season's  burning, 
Uaking  the  minimum  quantity  at  300,000  bricks  loaded  per  month  for 
six  months,  will  be  4  annas  per  thousand.  In  addition  to  great  econ- 
omy, there  are  other  adrantages  resulting  from  burning  bricks  by  this 
method,  viz,,  perfect  regularity  and  system  in  working,  an  absolute 
certainty  of  a  fixed  number  of  Ist  class  bricks  daily,  as  long  as  the 
kiln  is  in  operation ;— -ease  in  firing,  the  strongest  winds  haying  no 
effect  on  it ; — a  minimum  of  breakage  and  distortion  ; — and  thoroughly 
annealed  bricks,  from  the  fact  of  their  being  completely  coyered  in, 
and  allowed  to  cool  yery  slowly. 

It  will  be  found  an  advantage  to  use  a  moyable  sheet-iron  chimney 
as  shown  in  plan,  to  assist  the  draught,  but  if  not  ayailable,  a  tempo- 
rary one  can  be  built  up  as  before-mentioned,  and  need  not  of  necessity 
be  more  than  8  feet  high.  In  firing,  the  mouths  of  the  furnaces  should 
be  kept  open  only  just  sufficiently  long  to  admit  of  the  necessary 
quantity  of  wood  being  supplied,  then  closed  by  the  earthen  dummy, 
and  plastered  with  soft  mud«  The  small  hole  in  the  centre  of  the 
dummy  will  allow  the  men  firing  to  see  when  more  fuel  is  required. 

Tiles  of  all  sorts  which  can  be  '^  set"  on  the  concentric  walls,  can  be 
burnt  to  perfection  in  this  kiln,  and  if  placed  in  fayourable  parts,  can 
be  turned  out  with  scarcely  a  single  failure,  owing  to  the  small  height 
of  the  kiln,  and  consequent  light  load,  and  minimum  of  breakage. 

BuU'A  Ffttent  Txendi  Sin.— [Pto(«»  ZIII  c^  d.}  Further  exj^ermee 


APrsHDiz.  xxacix 

in  the  tise  of  the  Anntilar  Flame  EiluB,  on  which  seTeral  Articles  hare 
been  contribnted  to  the  Roorkee  Professional  Papers  from  time  to  time, 
has  led  to  rery  considerable  modifications  and  improyements.  The  extent 
to  which  these  improvements  have  been  carried  out  will  be  shown  by  the 
following  description,  and  its  accompanying  drawings. 

The  saccessfnl  application  of  the  Hoffmann  system  of  top  firing  to 
the  kilns  as  originally  designed  led  to  the  discorery  that  with  properly 
oonstmcted  chimneys  and  dampers,  the  admission  of  air  for  the  combus- 
tion of  the  fael  by  means  of  openings  in  the  sides  of  the  kiln  could  be 
entirely  dispensed  with.  It  at  once  became  apparent  that  the  kiln  walls 
could  be  similarly  dispensed  with,  or  rather  that  the  natural  earth  would 
answer  just  as  well  and  keep  in  the  heat  much  better.  The  result  of  the 
first  trial  far  exceeded  my  most  sanguine  anticipations.  The  construction 
of  the  kiln  with  the  necessary  apparatus  is  at  once  reduced  to  40  per  cent, 
of  the  cost  according  to  the  old  plan.  The  absolute  impossibility  of  any 
escape  of  heat  or  admission  of  cold  air  by  the  sides  or  bottom  increases 
the  economy  of  fuel,  and  greatly  improves  the  draught  and  rapidity  of 
burning,  and  the  decreased  cost  permits  of  the  new  kiln,  or  process,  being 
nsed  for  the  smallest  number  of  bricks  down  to  a  single  lakh. 

It  may  be  of  any  width  which  can  be  conveniently  fired.  It  may  be 
a  short  straight  piece  worked  periodically.  It  may  be  a  long  straight 
piece  worked  semi-continuously,  or  it  may  be  circular,  square,  oval  or 
oblong  to  work  continuously.  The  process  is  ihe  same  in  all,  and  in 
different  positions  each  may  have  its  advantages.  It  will  be  very  easy 
to  adapt  the  instructions  now  given  to  any  of  the  Bhape|  mentioned. 

The  kiln  is  simply  a  chamber  or  excavation  dug  to  the  depth  shown 
in  Plate  XIIIc,  with  the  bottom,  sides,  and  top  edges  dressed  off  to  a  true 
surface.  Of  necessity  not  a  single  brick  need  he  used  in  the  construc- 
tion. Doorways,  flues,  ashpits,  openings  of  any  sort  and  flooring  are 
dispensed  with. 

When  excavated  and  dressed  off  to  the  proper  depth,  the  sides  should 
be  hand-plastered  with  a  mixture  of  cow-dung  and  mud,  as  it  causes  the 
earth  to  hold  together  better. 

The  best  form  of  kiln  for  regularity  of  out-turn  is  undoubtedly  the  cir- 
cular one,  but  for  a  small  number  of  bricks  it  would  of  course  be  more 
economical  to  construct  a  straight  piece  of  a  length  in  proportion  to  the 
number  to  be  burnt;  say  up  to  three  lakhs  a  straight pieooi  beyond  that  num- 
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ber  circular.  Except  for  the  difference  of  distance  from  centre  to  centre  of 
famaces  on  the  inner  and  onter  faces  of  a  circular  kiln,  the  setting  is  pre- 
cisely the  same  in  both.  In  both  cases  that  distance  can  be  altered  at  plea^ 
sure,  there  being  no  fixed  conditions  of  any  kind  between  the  kiln  and  the 
setting.  What  may  snit  one  kind  of  clay  may  not  suit  another.  When 
two  or  more  kilns  are  reqnired  in  the  same  brickfield,  two  straight  pieces  of 
100  feet  eachy  joining  two  semicircles  of  the  radios  given  in  Fig.  1  will 
give  a  double  kiln,  not  more  than  800  feet  being  reqnired  to  work  contin* 
nonsly  in  the  present  plan.  A  ring  of  the  mean  length  of  300  feet  would 
not  answer,  on  account  of  the  great  difference  from  centre  to  centre  of 
furnaces  in  such  a  comparatiyely  small  circle. 

For  a  long  straggling  brickfield,  one  long  straight  piece  would  pro- 
bably be  the  most  suitable.  The  whole  being  below  the  surface  of  the 
ground,  or  only  slightly  raised^  the  coolies  loading  and  nnloading  can 
walk  oyer  along  the  kilns  at  pleasure* 

In  the  Plates-^ 

Fig,  1  is  a  complete  plan  of  a  kiln  for  working  continuonsly* 

Fig.  2  (top  half)  is  a  part  plan  showing  the  method  of  commencing  the 
setting,  and  the  temporary  wall  for  starting  the  firing. 

JFV^.  8  (top  half)  is  a  part  plan  showing  the  top  of  the  setting,  and  the 
method  of  forming  the  feedholes. 

Fig.  4  is  a  half  plan  of  two  complete  chambers  corered  and  ready  for 
firing. 

FigB.  5  and  6  gire  an  exact  longitudinal  sectional  elevation  of  one 
chimney  length,  and  a  portion  of  another.  Fig.  6  shows  the  feedhole 
walls,  and  Fig.  5  the  intermediate  walls  and  chimney  space. 

Fig.  7  shows  a  half  cross-section  between  feedholes** 

Fig.  8  shows  a  half  cross-section  through  feedholes  and  furnace.* 

Fig.  9  shows  a  templet  for  giving  the  position  of  the  bottom  brick 
between  each  furnace,  and  the  width  of  the  furnaces,  in  a  straight  kiln* 

Figs.  10,  11, 12  and  18  show  the  details  of  the  dampers  to  be  used* 

FigB.  14, 15  and  16  show  the  details  of  the  chimneys. 

JFV^.  17  is  a  templet  for  giving  the  position  of  the  bottom  bricks  in  a 
circular  kiln  of  the  radius  shown  in  Fig.  1* 

In  choosing  a  site  for  a  kiln,^  a  level  piece  of  ground  offers  the  greatest 
facilities,  but  is  by  no  means  a  necessity,  as  the  sides  may  be  partly  raised 
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by  mad- wall  work  or  kaohcbha  brickwork.  If  the*ezcayated  earth  is  good 
for  moulding  purposes,  it  answers  best  to  entirely  excavate  the  kiln,  if 
not  I  would  recommend  its  being  raised  two  feet,  and  the  earth  from  the 
remaining  depth  utilized  in  lerelling  off  a  width  parallel  to  the  kiln,  and 
the  same  height  as  the  top  on  which  to  stacl^  the  wood.  Two  sets  of 
steps,  which  may  be  made  of  mango  wood,  for  the  coolies  to  go  up  and 
down  on,  are  required.  In  all  cases  there  should  be  slight  fall  away  from 
the  top  edge  of  the  kiln  to  prerent  rain  water  running  in. 

A  length  of  50  feet  or  more  haying  been  ezcayated,  and  the  bottom 
and  sides  treated  as  directed,  loading  can  be  commenced.  The  width  of 
fnmace  is  18  inches,  and  the  distance  between  2  feet  9  inches.  The  near 
wall  of  the  first  furnace  in  each  section  is  only  1  foot  8  inches,  and  the 
far  wall  of  the  last  is  1  foot  6  inches.  The  latter  has  a  greater  tendency 
to  settle  down  owing  to  the  forward  action  of  the  flames.  Each  chimney 
length  or  section  is  exactly  the  same,  and  there  should  be  six  inches  be- 
tween each  length  to  allow  in  the  first  place  of  the  dampers  being  dropped 
-  down ;  and  secondly,  as  a  smoke  chamber  oyer  which  to  place  the  chimneys. 
The  feedholes  and  chimney  openings  are  shown  in  detail,  and  should  be 
finished  off  with  a  pila  brick  at  the  top. 

As  each  chamber  is  filled,  a  compact  layer  of  dry  earth  or  ashes,  never 
less  than  six  inches  in  depth,  should  be  eyenly  spread  oyer  the  whole,  leyel 
with  the  top  of  the  feedholes.  In  the  cold  weather  some  pila  bricks  may 
with  advantage  be  set  under  the  chimneys  to  oatoh  the  steam  droppings. 
It  is  almost  needless  to  say  that  the  bricks  should  be  as  dry  as  possible. 
It  is  not  advisable  to  pack  the  bricks  yery  tight  in  the  waUs,  but  no 
actual  space  need  be  allowed,  except  in  the  three  top  bricks.  Between 
the  bricks  of  the  2nd  and  8rd  courses  half-an-inch  space  should  be 
allowed,  and  the  top  course  should  be  composed  of  two  bricks  running 
longitudinally  with  three  inches  space  between  them.  The  spaces  be- 
tween the  walls  should  never  be  more  or  less  than  three  inches,  and  between 
the  outer  wall  and  the  face  of  kiln  four  or  five  inches.  If  the  bricks  are 
larger  than  shown  in  the  Plate,  the  width  and  depth  of  kihi  must  be 
proportionately  increased. 

Two  chimney  lengths  and  part  of  a  third  having  been  set,  the  temporary 
cross- wall,  with  seven  short  furnaces  at  the  foot  of  it,  should  be  run  up  of 
loose  bricks  and  smeared  over  with  mud,  the  dampers  should  be  put  down 
the  second  chimney  opening,  and  fixing  oonmienoed  in  the  oross^wall  before 
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mentioaed,  slowly  to  begin  with.      As  steam  c^sms  to  rise  out  of  esM^t 

line  of  feedboles  saoceasiTely  they  sbould  be  closed,  either  with  a  coaple 
of  bricks  or  a  thick  square  tile,  of  which  a  oonple  of  thousand  mvy  ba 
moulded  specially  for  this  purpose  and  burnt,  Tweoty-four  hours  after 
firing  has  commenced,  the  third  chamber  should  be  oompletely  loaded,  aad 
the  dampers  withdrawn  from  the  second  openiogi  and  put  down  the  third. 
The  chimneys  should  be  put  over  the  second  opening,  and  the  first  closed 
up,  as  well  as  all  feedholes.  This  should  be  done  as  tightly  as  possible 
to  allow  of  the  full  power  of  the  chinmeys  being  exerted.  At  the  foot  of 
the  chimneys  six  or  nine  inches  of  dry  earth  or  ashes  should  be  spread  to 
catch  the  condensed  steam,  which  principally  (but  not  entirely)  runs  ojbl% 
through  the  bottom  joint,  owing  to  the  peculiar  construction  of  chimneje. 

When  the  heat  in  the  kiln  has  got  up  to  such  an  ext^t  that  the  haad 
cannot  be  borne  on  the  chimneys,  they  should  be  moved  on  as  before. 
This  rule  for  moving  on  the  chimney  should  always  hold  good,  and  need 
not  be  again  mentioned.  By  this  time,  if  not  before,  the  bricks  forming^ 
the  first  furnace  will  be  red  hot,  and  top  firing  should  be  commenced  in 
the  first  row  of  feedholes.  Three  or  four  hours  after  a  second  may  be 
commenced,  and  similarly  a  third.  This  is  sufficient  for  regulsr  working, 
but  until  the  kiln  has  been  once  fired,  it  may  be  necessary  to  continue 
firing  the  feedholes  next  the  wall  after  the  three  middle  ones  have  been 
dosed.  Oast*iron  caps  should  be  provided  to  cover  the  mouths  of  the 
feedholes  when  burning,  as  anything  of  earthenware  is  sure  to  get 
broken. 

The  kiln  will  now  be  in  full  working,  and  the  top  and  bottom  firing 
should  be  continued,  until  the  first  furnace  has  been  sufficiently  fired. 
This  can  be  told  by  the  settlement  as  well  as  by  the  appearance.  The 
bottom  firing  should  be  slackened  down  then,  but  not  discontinued, until 
six  furnaces  are  closed.  It  should  then  be  stopped,  and  the  furnace  mouths 
loosely  closed  with  bricks,  but  not  plastered.  Loading,  firing,  and  moving 
on  the  chimneys  should  be  going  on  in  proper  order,  and  when  15  furnaces 
have  been  dosed,  more  inr  should  be  admitted  by  partly  opening  the  first 
line  of  feedholes.  The  object  of  this  is  to  prevent  the  smoke  eddying  back 
along  the  top  of  the  passages.  When  25  are  closed,  the  first  row  may  be 
opened  entirely,  and  after  that  every  fifth  line,  beginning  with  the  25th  or 
80th  behind  iUxe  firing.  Between  these  and  the  dampers  every  feedhole 
^bpuld  be  carefully  dosed.  The  three  rows  firing  only  being  uncovered  when 
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plan  to  plsce  three  bricks  in  k  line  acroas 
eedholos,  skj  5  feet  aput,  level  with  »  bii^ 
A  line  stretched  acroas  vill  then  tell  the 
tnesB.  This  rankage  will  vary  with  different 
BB,  sinking  to  two-and-a-half  after  closing, 
nt  ont-tam.     It  will  Tery  seldom  reqnirs 

sf  ft  kiln  einular  to  the  one  shown  in  tiie 


t,  ftt  Sa.  1-e, 
torn  and  ndea, 


Total  Ba,        ..240    0    0 

«elf  cost  only  Rs.  76-6-0,  or  lean  than  one- 
.  economically  oonstrocted  kiln  on  the  old 
I  exception,  the  cheapest  kiln  in  existence, 
a  oonstmct,  hnt  eren  these  advantegefl  are 
wing  to  the  metliod  of  working,  not  a  breath 

brick,  which  is  likely  to  be  damaged  by  it, 
lity  aa  regards  soundness,  and  the  maximnm 
on  of  ^1  waste  heat, 
a,  that  the  kiln  itself,  and  the  oomhinaUoD 

of  the  Hoffmann  system  of  top  firing  with 
'  my  original  inrention,  fonn  the  subject  of 

iln  adapted  to  htmittg  with  coal. — The 
anght  cansed  by  nsing  an  excavated  kiln 
it  the  Trench  Kiln  to  being  fired  with  coal 
tainable  in  any  kiln  fired  with  that  fnel. 
neral  remarks  in  the  Article  describing  Uie 
ood  will  apply  to  the  coal  firing.  The  con- 
ue,  except  that  it  is  one  brick  deeper.    The 
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difference  in  the  setting  is  an  adaptation  of,  but  an  improrement  on,  the 
setting  shown  in  the  description  of  a  ^*  Semi-Ck>ntinaons  Flame  Kiln 
for  Goal  "  published  in  the  Second  Series  of  the  Professional  Papers 
for  Jaly  1875,  No.  CLXIV.  The  chimney  sections  are  somewhat 
shorter  than  in  the  wood^fired  Trench  Kiln,  owing  to  the  distance 
between  the  rows  of  feedholes  being  less,  the  action  of  the  chimneja 
and  dampers  is  precisely  the  same,  and  need  not  therefore  be  again 
described.  The  coal  for  top  firing  shonld  be  the  usual  small  coal 
supplied  for  brick  burning,  but  if  in  pieces  larger  than  a  pigeon's 
egg  it  should  be  broken  up.  Dust  coal,  with  a  fair  proportion  of  small 
pieces,  will  answer  perfectly,  but  should  be  fresh.  Any  attempt  to 
fire  with  old  or  dirty  coal  or  cinders  will  only  result  in  failure.  The 
coal  should  be  stacked  for  neatness  sake,  and  to  sare  trouble,  concen- 
trically, 5  feet  broad  and  one  foot  or  more  as  may  be  required,  deep, 
one  foot  inside  the  inner  face  of  the  kiln.  Low  walls  of  pila  bricks 
should  be  run  up  to  hold  it.  From  the  length  used,  it  can  then 
be  told  at  a  glance  if  the  firemen  hare  been  firing  too  slowly  at  any 
time.  To  save  their  walking  on  the  kiln  unnecessarily,  it  is  adyis- 
able  to  haye  four  earthenware  yesselB  (nanda)  to  hold  a  maund  of  coal, 
placed  between  the  rows  of  feedholes. 

The  kiln  can  be  started  precisely  the  same  as  with  the  wood  firing,  or 

clean  rubble  coal  can  be  used  by  making  a  sort  of 
grate  of  bricks  (see  figure),  the  dotted  lines  showing 
the  furnace  mouth  in  the  temporary  cross  wall. 
When  the  bricks  as  far  the  second  row  of  feed-* 
holes  are  red  hot  from  top  to  bottom,  top  firing 
can  be  commenced  in  the  first  row,  and  aa  each  row  in 
front  gets  into  a  similar  state,  another  can  be  taken  on  until  fire  in  all 
are  being  fired.  The  ladle  for  giying  the  coal  with  should  hold  14  lbg« 
for  9-inch  bricks,  and  1^  lbs.  for  10-inch  bricks.  On  starting  the  firing 
in  each  row,  six  ladles  should  be  giyen  at  once  to  charge  the  spaamers 
with,  afterwards  three  or  four  feeds  per  hour  are  required.  The  quanti- 
ty of  ooal  at  each  feed  being  always  the  same,  the  firing  should  be 
perfectly  regular.  The  setting  of  the  bricks  in  the  combustion  chamber 
distributes  the  coal  with  the  most  perfect  and  mechanical  regularity^ 
and  wit&  proper  manag^nent  the  burning  ia  in  aoeordanee  with  it. 
As  goal  requires  a  ati^nger  draught  than  wood,  the  firing  shoald  h% 
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allowed  to  get  a  little  nearer  the  chimne js  before  they  are  mored  on ;  ex- 
perience will  soon  enable  an  intelligent  burner  to  know  to  what  extent. 
If  mored  too  soon  there  will  be  delay  in  re-establishing  the  dranght, 
and  the  smoke  will  have  a  tendency  to  go  back  for  a  short  time,  render- 
ing yery  slow  firing  necessary.  If  allowed  to  remain  too  long  in  the 
same  position,  the  ehimneys  pull  in  cold  air  with  great  force  from  the 
top  where  firing,-  and  are  also  liable  to  get  burnt.  The  mean  between 
them  is  what  is  required.  Beyond  the  difference  in  the  setting  and  fir- 
ing noticed,  ererything  else  is  the  same  as  in  the  wood  burning  kiln. 
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APPENDIX   III. 


TECHNICAL    VOCABULARY. 


Orthography. 

Thb  spelling  of  the  EQndastani  words  is  the  same  as  now  generally 
adopted*  in  technical  works  (as  in  Dr.  D.  Forbes's  Hindustani  Books), 
except  that  the  diacritical  marks  of  consonants  have  in  general  been 
omitted.  The  spelling  indicates  at  once  the  pronunciation  and  also  the 
correct  spelling  in  the  Oriental  characters  (except  minor  differences  in 
consonants  which  have  been  considered  unnecessary  to  the  Engineer). 

Pronunciation  of  Vowels, 

a  as  the  first  vowel  in  papa,  mamma* 

a  as  the  last  vowel  in  papa,  mamma* 

e  as  the  vowel  sound  in  late,  rate. 

i  as  in  din,  pin. 

i       as  the  vowel  sound  in  deed,  meet, 
o      as  in  hole,  pole, 

as  in  French  or  German, 
as  the  vowel  sound  in  good,  foot. 
u       as  the  vowel  sound  in  boot,  root, 
au    as  the  vowel  sound  in  Jiow,  now. 
ai      as  the  vowel  sound  in  bite,  kite. 
Pronunciation  of  Consonants. 
Consonants  to  be  pronounced  in  general  as  in  English :-— except  as 
follows  :— 

ph,  th,  must  invariably  be  separately  pronounced,  i.  e.,  as  in  uphill, 

pot'hook,  (not  as  in  philosophy,  thing). 
kh,  gh,  as  in  English. 
kh,  as  the  Scotch  or  Oerman  ch,  as  in  loch, 
gh,  nearly  as  in  McLaughlin. 

*  Also  known  m  the  HDntarfan  Syttem. 
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ITamea  of  Boildlngs. 


Bu«la. 

.    prat-roofed  bdM. 

EilB.garti 

fort 

Barf        . 

.    tow«r,  baatioD. 

Kothi 

.    flat-roofed  honM. 

Chbionl  . 

.    cantonmcnL 

Kolbrt     . 

.    cbamber.iDom. 

Chciki      . 

,    ataging  hooaa. 

Kabr.Kor 

.    tomb. 

Chhipi-kUu 

.    prJQtingofflM. 

Kar-kl»na 

.    worksbopa. 

DafUr  T 

.    otaoe. 

K«d-~Ehana 

.    gaol  or  priaon. 

Urn 

tlemporaiy    dwel- 

Madr,^  . 

.    college.*^ 

■  1      IJDg,  tent 

Uahtab 

.    achooL 

Bukin     . 

/ahop."' 

Maajid 

.     moaqne. 

Oron,  ntgar 

.    TiUaga. 

Mandir 

.    Hindalamplt. 

Ohu 

.    honse. 

Mori 

.     drain. 

Gi^a^hw 

.    cbardl. 

ShahT 

.     city. 

Oodim     . 

Tahfil 

.    local  treaaarr. 

B.weli     . 

.    liouae.  manaion. 

Thau 

.    policeatatioi 

tall  •    burying  ground* 

Barnes  of  Woik-pe< 

pie,  Artisuu,  te. 

BUii       . 

Khalaal    .        .        .    tent-keeper. 

Butija     . 

KnmhEt  . 

lab^V. 

Barhal    . 

.    carpeutar. 

Kuli 

B«Mlr     . 

.    digger. 

Lobar 

BbiatI       . 

.    water-carrier. 

Mabiian  . 

bmkor. 

Chlhkan  • 

,    welUinkcr. 

ManiOr    ■ 

laborer. 

Chata'i-wala 

.    mat-miker. 

Miatrl      . 

aoperior  workmu. 

Chhai>nBwala 

.     printer. 

Mocfat      . 

Chbappar-band 

.    thatchor. 

Muharrir. 

1 

ChoDiar   ■ 

.     carrier. 

Mnnshi    . 

ChDprad. 

.    neasenger. 

Motaaddi. 

jwnter. 

Darai       . 

.     tailor. 

Pyfin        . 

Garimtn  . 

•    earler. 

Raj.        . 

bricklayer. 

Ghrami    . 

.    th»tcher. 

KangHBi  . 

painter. 

jLldROr       . 

.    book-binder. 

dyer. 

Kirisar    . 

.    artiMn. 

merchant 

Eala'i-K>r 

.    tiD-mMi. 

Sunar       . 

.    goldamith. 

Xartiiw 

rork,  Ac. 

Ahal        . 

.    tbetlre. 

Gai.       ■               ■    meaanringrod. 

Arrt 

.    ap<Ae. 

Gunti       . 

■    pickaxe. 

BIKi        . 

Ooniva    . 

•    groandaqnar* 

Beldai     . 

.    excavator. 

Hitb-giirl 

•    wheelbarrow. 

Bojh 

.    bnnlen. 

fboe  DKd    in    weU 

Charu     . 

[  lai^  leathern  well 
■  i     bucket 

JB-i 

•  (     ainking. 
■    yoke. 

naahbel  . 

.    tracing. 

K«m-        . 

.    pile. 

DaiTriti,  hanil; 

i       .    reaping  hook. 

Khep        . 

.    &ip. 

Daate       . 

.    helra. 

Khodi'i    ■ 

.    excaration. 

Dhil,  lalaml 

.    alope. 

Kbodtili    . 

•    email  native  pick. 

Dhnti       , 

.    axfT 

KhuriMi    ■ 

•    grasrcntter'adibble. 

Dol 

.    leathern  bncket 

Khnnti  mtkh 

.  ^„^ 

UQlchl     . 

.    amall  bucket 

Kfl-i         . 

Darraat  . 

Hachik    . 

.    Ii«na.banow. 

Girt 

Madad      • 

Girt,  do-baldi 

.    2-bo11ock  cart 

Manjhi     ■ 

Oid,ehao4«)d 

.    t-boUockMrt. 
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Eartkwerki  Ac.r-(Ctm<MiMi.) 


Mafihnk   . 

• 

( water-carrier^i  lea- 
*  1   tbern  water-bag. 

Pakhil    • 

1  large  leathern  wa- 
.<    ter-bag  carried  on 

Moth       . 
Niwir      . 

• 

large  leathern  well 
*  ]   bucket  with  gpoat 
.    coarse  broad  tape. 

Thipi      • 

I   a  bullock, 
i  flat  wooden  earth'* 
'        *      work  beater. 

Pahiya     . 

• 

.    wheel 

Thapki    • 

.    small  ditfca 

Faimana . 

• 

.    meastue. 

Tindal     . 
Tokii,  tokri    . 

.    overseer  of  a  gang. 
.    basket. 

Brick-makins. 

Bel,  belcba  . 

• 

•    spade,  shdTel. 

Ennda     • 

•       •    small  earthen  pan* 

Bhattha,  bhattbi». 

.    enclosed  bri<^-kiln. 

Euri 

( litter,  r  u  b  b  i  ft  h 
'        *  1   sweepings. 

Chak,       . 

• 

.    potter's  wheel 

Chhalnl,  chhnlnl 

.    sieve  or  screen* 

Manjhi    .       < 

,       .    hand-barrow. 

Chikni  mitta 

.    clay,  stiff  soil 

Matti,  mitti 

•    earth,  soil. 

Dbela 
Dhup,  ghim 

•    clod. 

.    Bnn*s  heat 

Nali,  niU 

Lw  a  t  e  r-co  ursa, 
'  1   rarine,  pipe. 

Don 

•    cord. 

Nind 

.    laii^e  eartbcn  pan. 

Gara 

•    mod-mortar. 

Pajawi    • 

•    native  clamp. 

Gbari      • 

.    large  earthen  yeiBel 

Pakkiint. 

,        .    well  burnt  brick. 

Hindi      . 

•    small  ditto. 

PhronL    . 

.    native  spade. 

Hana 

•    reserroir. 

Pili  Int    . 

.    half-burnt  brick. 

int  . 

.    brick. 

Bikh       . 

.    ashes. 

Jbama 

.    yitrified  brick. 

Rassi,  rassi 

.    rope. 

Xachi  Int. 

.    snn-dried  brick. 

Reti,  balu 

.    sand. 

Kampakki 

•    nnder-bomt 

Retii 

.    sandy. 

Kathri    • 

1  hod    for    caitjing 
*  I   mortar,  &c. 

Rori 

.    brickbat 

Sancbi     .        , 

.    mould  (eoiting). 

Rbik       . 

.    dnst 

Til,  tili'o 

•  tank  or  pond. 

•  distorted,  twisted. 

EEat 

.    manure. 

Terhi 

Eho'iyiQzi 

• 

.    broken  bricks. 

Upli        .       . 

•    dried  oowdnng» 

Kichar     . 

.    mnd,  mire. 

Bail 

ling. 

• 

•    plastering. 

Gumhas  • 

.    dome. 

Bajri 

• 

.    coarse  sand  girnveL 

Hathanri . 

•    mason's  hammer. 

Baribar,  chanrga 

.    level,  flat. 

Hawi  chakki  , 

•    windmill. 

Baranda  • 

• 

•    verandah. 

Eainchi  •        • 

.    truss. 

Banyad   . 
Cbakki    . 

• 

.    foundation. 

Eangni    . 

.    cornice. 

• 

•    mill 

Earn! 

.    trowel 

Chhat      . 

• 

•    roof. 

Earri 

•    rafter. 

Chhappar  ki  chhat 

•    thatched  root 

Shaprel  . 

.    flat  tile. 

Chiiui      . 

• 

.    lime. 

Ehaprel  k!  chhs 

it     •    tiled  roof. 

Ohfinil    . 

j  brick-work  in  mor- 
'\   tar. 

Eharanja. 

.    brick-on-edge  floor. 

• 

Ehodri   . 

.    excavation. 

Chune  ki  chakki 

•    mortar  mill. 

Eona,  gosha 

.    comer. 

Darj  bacbani. 

.    bond  (to  preserve). 

Mirtol     . 

.    hammer. 

Basfnti    . 

.    ten-foot  xod« 

MasttOih.       . 

1  prepared  material  of 
*  1   any  kind. 

Bit,  mihrib 

.    anarch. 

Dboli,  kilib 

•    centering. 

Nal.        .        . 

.    tabe  or  spout. 

Farra^    . 

,    flooring.  . 

Pakki  f urrash . 

.    terraced  floor. 

Fiti.        , 

.    measuring  tape. 

Pakki  chbat    . 

•    terraced  roof. 

Oaa. 

.    measuring  rod. 

Pan  chakki      . 

•    water-mill 

Ganijri    . 

.    square. 

Pansil     . 

.    level,  a  water  gauge. 
7 

^^mag^Cmtittiud.) 


Pitthir   . 
lUddi     '. 


A-iX. 

AVi.       . 
Amir,  Iwthijib 
Buml     . 
Buull     . 
Billl 

Birinjl     . 
Botid*    . 
Cbiibi 
Chukbi  . 
Cbankhat 
ChitkiDi  , 
CbQI 
DilU 
Ou-miitar 
Obinii     , 
Ool-arl    . 
Oond 


ShabtiTiUUhl. 
Sirhi 
SDTkU      . 
Sut,  luOi 
l^ki 
Tikuti    . 


bonding. 

largie  nrer. 
ke7-itonB. 

puipet 

•pUy. 


Bridge  Balldia;. 


?S' 


Carpentry. 


large  nw. 
bind  Mw. 

Ki-ira    . 
Ku'B  ki  hnnjSd 

tooU. 

KnlbEi*  . 

atiKer,  bnc«,  &  bit. 

Kalbari 

adm. 

L«'i. 

dooTbolt,  bai. 

Mei. 

Uck. 

Min. 

uwdniL 

Mncblk 

koy. 

windlitt. 

Nifflcbak 

door  frame. 

Farkir 

riidUgbolt. 
tenon. 

Pei^kaib 
PfpJ 

puiel. 

Pr^.kFl 

S'oiX. 

Randa 
Heti. 

ciKDlar  MW. 

Rnkbini 

gam. 

Sanduk 

pair  (of  doow). 

wiSow. 

Sbikams 
Brwb^ 
TiU 

natehinK. 


Map] 
Faida 


ladder, 
ponnded  bricka. 

thread  tracing  line. 


crown  of  tha  arch. 


.    welt  fonndation. 
.    large  felling  axe. 

Binatl  felling  axe. 
.    paate. 
.    table. 
.    bradawL 

pile  drivet. 

icarb    nnd( 
rinjf. 


well- 


flle."' 


cbeet,  box. 
preea,etamp. 


sine. 


mnniitcing. 

PnB 

r  bundle  of  tbatchins 

bamboo. 

.    k?^fflai. 

.    nmeilMig  &  eoarae. 

ac 

San.       .       . 
Sanf.       .       . 

mall  mat. 

Sarkanda . 

.    name  of  a  reed. 

matacrean. 

Senlbl     . 

.    dngleatemof  ditto. 

coane      tbatcbing 
graw. 

Birkhl      .        . 

■ !  '^ri^'^  ^^  "* 

graasrope. 

sat .       .       . 

.    tbnwd,  ttring. 

■hntter. 

Silt  ki  ruil      . 

.-   cotton  lope. 

thaldiiDg  gran. 

Siitii      .      . 

.    twine. 

APPENPIX. 

Iiii 

M^ls,  Ac. 

Azhdbit  . 

•    bell  metal. 

Lohlgol. 
Loha  knndli 

.    rod  iron. 

Chandi     • 

.    silver. 

.    hoop  iron. 

Dhat»  eUs 

•    metaL 

LohS  sarri 

.    pig  iron. 

IspSt,  f  uli 

.    steeL 

LohStar  . 

.    iron  wire. 

Jast. 

•    sine. 

PSri,  simib 

.    quicksilver. 

Lohi 

•       •    iron. 

PTtal 

.    brass. 

Loha  chSdrl 

.    sheet-iron. 

Rangi,  kali'i 

•    tin. 

Lohi  cbaptiS 

.    flat-iron. 

Sim. 

.    lead. 

Iiohi  chankor 

.    bar  iron. 

Tamri     . 

.    copper. 

Painter'B  Work. 

Aina 

.    pane  of  flass. 
.    linseed  oiL 

Pni  matti. 

.    yellow  ochra. 

AUi  ki  tel 

SankhiyS. 

.    arsenic 

Dabba 

.    leathern  oil  yessel. 

8endiur     . 

.    red  lead. 

Ganda-biros,  ( 
tarpantel     ( 

.    tnrpentlne. 

Shisha,  kanch 
Sil  .       . 

' .    glass,  phial 

1  stone  for  grinding 
•  1     color  on. 

Gera 

.    red  ochre. 

Hartal     • 

.    orpiment. 

Sim. 

•    lead. 

Hil  .        . 

.    sngarof  lead. 

SafedS     . 

I    white  lead. 

KSfur      . 

.    camphor. 

Tarpin  ki  tel 

•    oil  of  turpentine. 

Kajal       . 

.    lamp  black. 
<    chalk,  whiting. 

Tel.       . 

•    oil. 

Khari  jS  matti . 

TeU  alsi  ki 

•    linseed  oil. 

Lila  tutiji       . 

.    bine  vitriol. 

Tel,  niriyal  ki 

\       .    oocoannt  oiL 

Moltani  matti . 

.    yellow  ochre. 
.    indiga 

Tel,  saraon  ki 

.    mustard  oiL 

Nn .      .      . 

Tel,  tU  ki 

sweet  oil. 

BlAcksmxt 

ji^  Work. 

Angethi  • 

•    fireplace. 

Kabila     . 

.    screw  bolt 

Bank 

•    vice. 

Kainchi   • 

•    scissors. 

Chamim  • 

.    leather. 

Koeli      . 

.    charcoal. 

Cbheni    • 
ChimtS    . 

.    small  wedge^  chisel. 
•    pincers, 
nkiu.    bellows. 

Mez  ki  bank    . 
Pachhar  . 

.    larse  vice. 

•  wedee. 

•  washer. 

Damkash,  dhaa 

PhuH,  patU      . 

T)hala  bii'S      • 

•    cast 

Ril .        .        . 

.    roein. 

Dhilni    . 

•    tocast 

Bins       . 
Sambi     . 

.    solder. 

Dhibli     . 

•    nnt. 

•    punch. 

Bhibli-kaah     . 

.    nnt-key. 

Sandasi  chimti 

•    tongs. 

Ghan 

•    sledge  hammer. 
.    smaUdittOw 

Soban 

•    file,  rasp. 

Hathanri 

Ti'o.        .        . 

•    red  hot 

Hath  ki  bank  . 

.    hand  vice. 

Ti'odena 

•    to  heat 

Ml . 

•    rake. 

Tirkish  •       • 

•    wire-drawer. 

Sum 

ying. 

Dasfnti  . 

•    ten-foot  rod. 

MatSm    . 

•    bench-mark. 

Durbin    . 

•    telescope. 

Nakdia    . 

•    map. 

Fan!  khatt      . 

.    datum  Une. 

•    to  plot 

Fits  ki  Jarrib  . 

•    tape. 

Nip  . 

•    measure. 

Gaz.        •        • 

.    staff. 

Paimi'ish 

•    survey. 

Hamwir! 

.    levelling. 

PaimiMsh  kanu 

k      .    to  survey. 

Jarrib      •        w 
Jbandi     • 

•    chain. 
.  ^  flag. 

Pakki  matim  • 

( permanent    bench* 
'i     mark. 

Kampif  . 

f  surveying  in  §  t rn- 
*  1     ment. 

Sii'i 

arrow. 

TUonUdhil. 

•    contouring. 

Khnnti     • 

peg. 

Tipii     .       . 

•    tripod  stand. 

liv 
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Geieril. 


Ada  karni 

Sat  •        •        • 

Dam 

Do'&Da-chaa'ana 

Fihrist     . 

Hisab 

Hundi      .        . 

Kaghaz    • 

Kalam 

Khabar  kS  ki^aa 


to  pay. 

a  weight 

price. 

small  change. 

list 

accoont 

draft,  cheque. 

paper.     . 

pen* 

newspaper. 


Eharch    . 

Oi  kaRhaz 

Mahenga . 

Nakd 

Sasta 

Talab,  tas^wlh 

Tarazu     . 

Tolna 

Wazn,  tol 


expenses- 
blotting  paper, 
dear. 

money  (bolUon); 
cheap, 
pay. 
scales, 
to  weigh, 
weight  (heayinesi). 


TABLB  OF  INDIAN  COINB,  WEIQHTfi,  AND  HBA8UBB8. 


8  Pie 
12  Pie 
10  annas 

15  Hnpees 

16  Rupees 
100^00  Rupees 
100  Lakhs 


1  Pie 

1  Paisa  or  i  anna 

1  Anna 

1  Hnpee 

1  Gold  Rnpee 

1  GoldMohnr 

1  Lakh  10,000 

1  Eror       1,000,000 


A 
0 
0 
0 
0 
1 
1 


a.  d. 

0  Oi 
0  0| 
0  \\ 
2  0 

10  0 

12  0 
0  0 
0  0 


The  raloe  o£  a  Rnpee  is  general- 
ly assumed  as  equal  to  2t.  sterUng. 
At  the  Calcutta  Mint  price  of  sil- 
ver is  worth  2«.  0035^. ;  at  the 
commercial  par  of  exchange  U. 
114»ltf. ;  and  at  Uie  Londoo  Mint 
price  oi  silyer  is  worth  It.  11044. 


The  Rnpee  weighs  180  grains  Troy,  or  one  tola,  and  consists  of  11  parts  of  silyer 
and  one  of  alloy.  The  Gold  Rnpee  is  of  the  eatne  weight  and  standard.  The  copper 
coins  are  the  \  anna,  weighing  200  grains ;  \  anna  or  paisa,  100  grains  ;  the  half 
paisa  50  grains ;  and  the  pie  Sdi  grains. 


bA2AB  WSrHHT. 


4  Siki  or  quarters     = 

5  Tolas  = 
4  Chitaks  = 
4  Pauwas  = 

6  Seers  == 
8  Passeri  or>40  seers  = 


1  Tola 

1  ChiUk 

1  Pauwa  8^ 

1  Sir  or  "Seer"  %fg 

1  Passeri  lo| 

1  Manor^Maund"  82f 


6ff|  drs.  At. 
oz. 

02. 

lb. 
Tb. 


•I 


180  gtft.    Troy, 
li  oz.        „ 
7i  oz. 
2i   Eb. 
12i 


»> 


»i 


100 


lb. 
m. 


The  standard  seer  weighs  80  tolas  or  Rupees,  or  86  annas  in  copper  coins  ;  also  35 
seers  are  equal  to  72  lbs.  avoirdupois  ;  and  49  mannds  are  equal  to  86  cwt.  The  pound 
avoirdupois  weighs  88|  tolas,  and  the  pound  troy  82  tolas. 

TO  CONYBBT  INDIAN  INTO  AYOIBDUPOIS  WBIOHT. 


Seera     X  .72  -^  85  =  Pouauiii    Maunds  X  36  -f*  49  =  Cwta. 
Ponndi  X  85  -r  72  =e  Seen.        Cwts.      x  49  -&-  86  =  Maunds. 


lUDEI  TO  VOL.  I. 


The  NmAtn  refer  to  the  Paragrtgtks, 


A. 

Adhesion  of  fflotter^  93^  9& 
Akia  flame  kilnfl,  88. 
Alioys,  168. 
American  derrick,  818. 

■  lime  kiln,  108. 
Angle  iron,  161. 

■  joint,  244. 
Analysifl  of  lime,  89. 
ApparatoB,  ezcarating,  410. 
Applying  mortar,  120. 
Arches,  845,  et  seq* 

'■'        bond  of  brick,  BK, 
— —  bond  of  stone,  W4. 
—  centerings  for,  861. 
— —  cohesion  of  mortar  in,  848. 
— -^  concrete,  180. 

flat,  867. 

'  form  of,  858. 
Qothic,  857. 

inverted,  869. 

joints  of  mptnre  in,  849. 

keying  and  ancent0rlfeg«l)881 

oMiqae,  871. 

rampant,  888^ 

relieying,  445, 

semi-ellipticaly  858. 

skew,  872, 

theory  of,  848. 

thickness  of,  889. 

thickness  of  abriUxiuil  fiMr,  M8. 

thnistQf,860,3l8i. 

Tndor,  366. 


Ardies,  nndeigitnintl,  870. 
Areas,  section,  (Earthwork,)  198. 
Argillaceoos  stone»  6. 
Artificial  cement,  84, 88, 88, 87. 
— —  stone,  Bansome'i,  17. 
■  stone,  Sorel's,  17. 

stone,  Victoria,  IT. 

Ashlar,  805, 806, 820. 
Atkinson's  tiles^  89. 


Bags,  sand,  288. 

Bar  iron,  161. 

Basalt,  6, 14. 

Beams,  bnilt,  251. 

Bell  metal,  16& 

Bench-marks,  206. 

Bent  ribs,  252. 

Bessemer  steel,  163. 

Best  form  qf  retaining  walls,  48T. 

Bethel's  mode  of  preserring  timlK»,  149. 

B^ton,  127, 128, 129. 

Beril  plnmb  role,  207. 

Blasting,  19. 

Blister  steel,  168. 

Block  in  conxse,  807. 

■■  foundations,  408. 

Bond,  brick,  Sngliflh,  838. 

■  Flemish,  825. 

— —  flat  iron  nsed  in,  827. 
■  importance  of  good,  828. 

■  masonry,  822. 
—  stone,  810. 

■■  Tarions  modes  of,  324,  825, 82i6. 


II 


IHPRX. 


Bond  of  briek  arehei,  865. 

■  stone  archep,  864. 
Boning  staTes,  210. 
Boring  tools,  221. 
Boulder  lime,  117. 
Boxes,  sand,  285, 
Breast  walls,  446. 
Brick  bond«  822. 

■■  bond,  English,  823. 
*— -  bond,  Flemish,  826. 

■  coloured,  48. 
^-^—  clamps,  circnlar,  46. 

»  clamp,  English,  89. 

■  clamp,  Indian,  40. 
earth,  23. 

■  field  at  Mahewah,  ZS, 
kiln,  English,  32. 

■  kiln,  Hoffmann's,  47. 
■■  kiln,  Indian,  84. 

'  kilns.  Boll's,  Appendix  II. 

■  ■    ■  masonrj,  822,  et  ieq, 

'  moulding,  28. 
Bricks,  burning,  S2, 88. 

■  colouring,  50. 

— ->  cost  of,  86, 87, 41, 46. 
goodness  of,  22. 
implements  for  moulding,  30. 

■  machine  made,  29. 
'■  weight  of,  27. 

Bricklajing,  830. 

Brickwork  specificaUons,  848, 844. 

Bridging  joist  floor,  288. 

Bronse,  168. 

Budjree,  117. 

Built  beams,  261. 

■  ribs,  268. 
Bull's  hand  dredger,  417. 
^-«—  brick  kihis,  Appendix  IL 
Burning  bricks,  82, 88. 

■  lime,  99. 
lime,  natire  method  of,  109. 
tUes,  67, 68. 

c. 

Oaisson,  426. 
Calcareous  stone,  7. 
Calculation  of  thrust,  360. 


Calculation  of  sUbilitj,  431. 

■  of  thrust  in  retaining  walls,  432. 
Canal,  Ganges,  earthwork  on,  2^0. 
Carpentry,  definitions  of,  241. 

■  contriyances  in,  242. 
Case-hardening  iron,  163. 
Casement  windows,  296. 
Cast-iron,  166. 

casting,  166. 

piles,  401. 

pig,  166. 

quality  of,  166. 

smelting,  166. 
Cast  steel,  16a 
Cement,  hydraulic,  73,  81. 

7-  artificUl,  84,  86,  86,  87. 

'     '  difficulty  in  grinding,  79. 
^  Pasley's,  76. 

■  Portland,  76. 
"  Roman,  74. 

■  rules  for  the  manufactare  of,  82. 
'— -«-  Scott's  78. 

— — —  in  India,  Manufacture  of,  Appen« 

dix  I. 
Centre  line  of  earthwork,  201. 
Centerings  of  arches,  861. 
Centres,  274,  et  $$q. 

admirable  specimen  of,  278. 

framing  of,  277. 

Indian  examples  of,  280. 

pressure  on,  275. 

principles  of  constructing,  375. 

striking,  281. 
Chlorite  slate,  6. 
Choice  of  stone,  2; 
Chunam,  137. 
Church  roofs,  266. 
Circular  brick  clamp,  46. 
Clamps,  brick,  circular,  46. 

English,  39. 

Indian,  40. 
Classification  of  limes,  72. 

of  itones,  4. 

of  timber,  142. 
Clay  crushing  roUera,  24. 

■■  preparation  of  ^ile,  57. 
Clay8Uto,6. 


IKDBZ. 


Ill 


Ooffer-damB,  421. 

■  at  Seotee,  424. 
Cohesion  of  mortar  in  arches,  848. 
Coloured  bricks,  48. 

tilcsp  62. 

Oolonring  bricks,  50. 

»  Tarions  recipes  for,  188. 

walls,  182. 

Common  rubble  masonry,  819. 
Composition  of  mortar,  114, 115, 118. 
Compressible  earth,  892. 
Concrete  arches,  180. 

■  houses,  181. 
Concretes,  128,  et  seq, 

■  experiments  on,  126. 
Construction  of  earthwork,  21 1. 
Contracts  for  earthwork,  189. 
Copper,  164, 177. 

Coping,  808. 

Corrugated  iron,  161. 

Cost  of  bricks,  36,  87, 41,  46. 

-—  of  castings  at  Roorkee,  167. 

■  of  earthwork,  219. 

■       of  irrigation  pipes,  64. 

■  of  manufacture  of  a  kiln*  106. 

■  of  tiles,  67,  68. 
Counterforts,  448. 
Coursed  rubble  masonry,  818. 
Cramps  and  dowels,  811. 
Culverts,  870. 

Curbs,  well,  416. 
Curve  of  equilibrium,  846. 
Cutting  in  earthwork,  222. 
Cylinders  sand,  284. 
Cylindrical  vaulting,  877. 

D. 

Dams,  masonry,  447. 
— ^  Furens,  448. 

■  Rankine's,  449. 
Decay  of  stone,  2. 

Deep  well  excavator,  Fonracres',  414. 

■  self-closing,  416. 
Dehra  Doon  lime  kilns,  104. 
Depth  of  fonndatiooa  in  retaining  walls, 
489. 


Derrick,  816. 

American,  816. 

Digging  earthwork,  process  of,  218. 

tools,  211. 

Distemper,  182. 

Distribution  of  workmen  on  earthwork, 

216. 
Dolomite,  7. 
Domes,  874. 
Doors,  294,  296. 
Dowels  add  joggles,  811. 
Drain  tiles,  68. 
Drainage  of  a  roof,  262. 
— —  of  earthwork,  226. 

■  of  retaining  walls,  441. 
Dredger,  Bull's  hand,  417. 
Dressing  stone,  809, 812. 
Drying  bricks,  81. 
Durability  of  stone,  16. 

E. 

Earth,  brick,  28. 
Earthwork,  188,  et  seq, 

■  centre  line,  201. 
— —  construction  of,  21 1. 
— —  contracts  for,  189. 
cost  of,  219. 

■  cuttings,  222. 

—  distribution  of  workmen  ou,  216. 
— —  drainage,  226. 

—  horse  run,  224. 

—  mensuration  of,  1 98,  et  teq, 
—^  on  Ganges  Canal,  220. 
— —  procese  of  digging.  218, 
^—  section  areas,  196. 

'  setting  out,  200. 
^—  side  widths,  202. 

slips,  226. 

slopes  of,  190, 192. 

stability  of,  190,  191. 

stages,  224. 

tools  for,  211,  ei  $eq» 

volumes,  197. 
Embankments,  227,  et  uq, 
—^^  over  a  marsh,  235. 

puddling,  287. 

■■  settlement  of,  281. 


IT 
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Engine,  pile,  896. 
Sngli»h  bond,  828. 

J brick  kilns,  88. 

— ^  brick  bond,  828. 
— ^  brick  clamp,  89. 

■  lime  kiln,  102. 
Equilibrium,  curre  of,  846. 
Examples  of  hammer-beam  tnusea,  267, 

270. 

■  of  pressures  on  centrea,  27C 

of  stair-cases,  800,  dOa 

—  of  timber  partitions,  292,  398. 
'  of  Indian  centres,  280* 

Excayating  apparatns^  4ia 
Excavator,  Fonracres',  well,  41$. 

■  Fouracre's  dee"p  well,  414« 
— -  Fouracre's  ordinary,  418. 

■  self-closing  deep  well,  415. 
— — -—  Webb's  sub-aqueous,  418. 
Expanding  piles,  Prestage's,  402. 
Experiments  on  concrete,  126. 

F. 

Fastenings,  iron  protection  of,  2661 

Felling  of  trees,  14L 

Felspar,  5. 

Fishing,  249. 

Flame  kilns.  Akra,  88. 

kiln,  Sindh,  86. 

Flat  arches,  867. 

I  roofs,  disadyantagea  of ,  259. 

*— —  inclination  of,  269. 

■  roofs,  scantlings  for,  258. 

■  iron  used  in  bond,  827« 

tiles,  68. 

Flemish  brick  bond,  825,  826, 
Flint,  5. 

Flooring  tiles,  61. 
Floors,  287,  &t  »eq. 

■  modes  of  strutting,  968. 
— — —  single  joisted,  288, 
Form  of  arches,  858» 
Forming  of  mortar,  118. 
Foundations,  block,  408. 

■  retaining  walls,  d^ptiii  of » 489. 

■  in  water,  420, 
■  iron  tubular  405. 


Foundations,  weU,  406,  412. 
Fouracres'  deep  well  excavator,  414. 

■  ordinaiy,  418. 

'  self-closing,  deep  well,  415. 
Framing  of  centres,  277. 

■  various  methods  of,  245. 
Fuel  for  lime  kilns,  100. 

G. 

Galvanized  iron,  162. 

Ganges  Canal,  earthwork  on,  220. 

Girders,  trussed,  250. 

Glaaing,  186. 

Gneiss,  5. 

Good  bond,  importance  of,  328. 

Goodness  of  bricks,  22. 

GkKKlwyn's  tiles,  59. 

Gothic  arches,  357. 

Granite,  5. 

Grauwacke  slate,  6. 

Green-stone,  5. 

Grinding  cement,  difficulties  of,  79. 

Growth  of  trees,  144, 

Gun  metal,  168, 

Gypsum,  185. 

H.       . 

Hammer-beam  trues,  267% 

examples  of,  267,  270. 

Hand  dredger,  Bull's,  417. 
Hard  earths,  891. 
Hoffmann's  brick  kilns,  47. 
Hollow  masonry,  838. 
— —  revetments,  444, 
Hornblende,  5. 
Homstone,  5. 
Horse  run,  224. 
Houses,  concrete,  181. 
Hydraulic  cement,  73,  8  U 
—  limes,  83. 

■  ■  mortars,  88. 

L 

Implements  for  mooldin(;  bricks,  30. 
Inclination  of  flat  rbof«,  25U. 
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India,  Manafactare  of  cement    in,   Ap- 
pendix L 
Indian  brick  kilne,  84. 
"  brick  clamps,  40. 

r~  centres,  examples  of,  280. 

—  metals,  169. 
— —  timber  trees,  162. 
Intermittent  kilns,  101. 
InTerted  arches,  869. 
Iron  and  wood  in  roofs,  268. 
Iron,  164, 169. 

angle,  161. 

bar,  16L 

— ~  case  hardening  of,  168. 

cast,  156, 156. 

— ^—  cast,  pig,  155. 

— — —  cast,  qnality  of,  156. 

— — -  oomgated,  161. 

■  cost  of  castings  at  Roorkee,  167. 
'-^— »  fastenings,  protection  of,  266. 

— —  flat,  need  in  bond,  827. 

'  galyanized,  162. 
Indian,  169  to  176. 

■  piles,  cost  of,  401. 
«— -  piesenration  o^  162. 
— —  rod,  161. 

■  screw  piles,  403. 
sheet,  161. 

■  tabular  foundations,  405. 
— — —  wrought,  168. 
Irrigation  pipes,  64. 

J. 

Jack-screws,  288. 

Jaghery  mixed  with  mortar,  119. 

Jham,  411. 

Joggles  and  dowels,  811. 

Joiners'  work,  294. 

Joints,  242. 

angle,  244. 

fish,  249. 

*-—  khig-post,  245. 
■■'  mortise  and  tenon,  248. 

'  notch,  247. 

■  of  mptDre  in  arches,  849. 
—  stmt  and  tie,  244. 

Joist  floor,  bridging,  288. 


K. 

Keying  and  niicenteriog  of  arches,  868. 
Kilns,  Akra,  88. 

cost  of  manofactare  of  a,.106. 

English  brick,  82. 

Hoffqifton'e  Patent,  47. 

Indian  brick,  84. 

■  intermittent  lime,  101. 

Sindh  flame,  86. 

American  lime,  103. 

— -  Dehra  Doon  lime,  104. 

English  lime,  102. 

fuel  for,  100. 

■  Enrrachee  lime,  105. 
■         perpetual  lime,  107. 

Madras  lime,  108. 

— -  Bull's  brick.  Appendix  II. 
King-post  joints,  245. 

truss,  268. 

Kachchha  masonry,  840. 
-^— -  pakka  masonry,  889. 

walls,  84L 

Kankar,  68. 

lime,  116.  117. 

L. 

Lacquef,  184. 
Laminated  ribs,  264. 
Lead,  166. 

Lengthening  timbers,  248. 
Level,  mason's,  209. 
Lewis,  817. 
limes,  hydraulic,  73. 
Lime  analysis,  69. 

boulder,  117. 

burning,  99. 

classification  of,  78. 

hydraulic,  88. 

kankar,  116, 117. 

natiye  method  of  burning,  109. 

practical  mode  of  testing,  71. 

quick,  66. 

slaking,  110,  111,  112. 

kihd,  fuel  for,  100. 

kiln,  American,  108. 

kiln,  Dehra  Doon,  104. 
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J.ime  kiln.  English,  102. 
.  kiln,  intermittent,  101. 

■  kiln,  Knrrachee,  105. 

kiln,  Madras,  108. 

■  kiln,  perpetoal,  107. 

Lime-itone,  7. 
Linseed  oil,  180. 
Litharge,  180. 


Machine  made  bricks,  29. 
Madras  Ume  kUn,  108. 
Mahewah,  brick  field  at,  85. 
Manafactnre  of  cement,  mles  for,  82. 

of  cement  in  India,  Appendix  I. 

of  kihi,  cost  of,  106. 
--^^  of  tiles,  57. 
Marble,7. 
Mar^arjr't  process  of  protecting  timber, 

149,  isa 

Marks,  bench,  206. 

Marsh,  embankments  orer  a,  285. 

Marshy  soils,  894. 

Mason's  lerel,  209. 

Masonry,  804. 

ashlar,  805,  820. 

brick,  822,  et  $eq. 

dams,  447. 

hollow,  888. 

kachchha  pakka,  889. 

kachchha,  840. 

plastered  or  pointed,  887. 

conrsed  mbble,  818. 

common  mbble,  819. 

stone,  805,  et  ieq. 

■tone,  good  specification  for,  821. 

Mastics,  185. 
Measuring  tape,  205. 
Measurement  of  timber,  161. 
Mensuration  of  earthwork,  198. 
Metal,  beU,  168. 
.  gun,  168. 

Metals,  158,  et  teq, 

. .  Indian,  169. 

Method  of  setting  out  stair-cases,  298,  299. 
Methods  of  framing,  Marions,  245. 


Mica  slate,  5. 

Mill,  pug,  25. 

Mode  of  connecting  ratters,  245. 

Modes  of  stmtting  floors,  289. 

Mortar,  applying  of,  120. 

composition  of,  114,  115,  11  A. 

—  definition  of,  67. 
forming  of,  118. 

—  hydraulic,  88. 

■■  in  arches,  cohesion  in,  848. 

jagbery  mixed  with,  119. 

strength  of,  93. 

Mortise  and  tenon  joint,  243. 
Moulding  bricks,  28. 

bricks,  implements  for,  80. 

tiles,  57,  58. 


N. 

NatiTC  method  of  burning  lime,  109. 
Nature  of  subsoils,  888. 
Notch  joints,  247. 

o. 

Oblique  arches,  871. 

scarfing,  248. 

Ofl,  linseed,  180. 

Oolite.  7. 

Ordinary  well  excaTator,  Fouracres',  41S. 

P. 

Painting,  process  of,  181. 
Paints,  179. 
Pan.  tiles,  56. 
Papering,  187. 
Partitions,  timber,  291. 
Pasley's  cement,  75. 
Pent  roof,  260. 
Perpetual  kilns,  107. 
Pewter,  168. 
Phaora,214. 
Pickaxe,  211. 
Pig  iron,  cast,  1 55. 
Pile  engine,  396. 
Piles,  895. 
■  cast-iron,  401. 

iron,  screw,  408. 
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Piles,  PresUge'B  expanding,  402. 

sheet,  899. 

Pipes,  irrigation,  64. 

Pi8«  walls,  842. 

Pitch  of  a  roof,  261. 

Plastered  masoniy,  337. 

Plasters,  132. 

Plpmb  mle,  beTil,  207. 
Pointed  masonry,  387. 
Portland  cement,  7& 
Porphyry,  6. 
Pot  tiles,  56. 

Practical  mode  of  testing  lime,  71. 
Precautions  against  settling,  834. 
Preparation  of  brick  earth,  28. 

of  tile  clay,  67. 

Preservation  of  iron,  162. 

of  stone,  16. 

of  timber,  149, 150. 

Pressure  on  centres,  275, 276. 
Prestage's  expanding  piles,  402. 
Principles  of  vaulting,  378. 
—  of  constructing  centres,  278. 
Process  of  digging  earthwork,  213. 
Protection  of  iron  fastenings,  256. 

■  of  timber  fastenings,  256. 

■  of  side  slopes,  238. 
Puddling  earthwork,  237. 
Pug-mill,  25. 

Pump,  sand,  419. 
Punning,  236. 
Purlins,  268. 
Puszuolana,  89,  90,  91,  92. 

Q- 

Qualities  required  in  stone,  3. 
Quality  of  wrought-iron,  160. 
^-— —  of  cast-iron,  166. 
Quarrying,  18. 

■'  at  Purtapore,  21. 
Quartz,  6. 
Queen-poet  truss,  264. 

scantlings  for,  264,  266. 

Qiilck  lime,  66. 


R. 


Rabbling,  159. 


Hafters,  mode  of  connecting,  245. 

Rampant  arches,  368. 

Recipes  for  colouring  walls,  183. 

Relieving  arch,  445. 

Retaining  walls,  480. 

best  form  of,  437. 

calculation  of  thrust,  482. 

counterforts,  443. 

depth  of  foundations  of,  489. 

precautions  against  water  in,  441. 

Revetments,  hollow,  444« 
Ribs,  bent,  252. 

built,  253. 

laminated,  254. 

Rock,  390. 
Rod  iron,  161. 
I  Rollers,  clay  crushing,  24. 
Roman  cement,  74. 
Roof  at  Allahabad,  270l 
at  Bombay,  269. 

— ^  drainage,  262. 

for  a  church,  266. 

pent,  260. 

pitch  of  a,  261. 

rafters,  263. 

Syrian,  384. 

Sindh,  385. 

-  terrace,  257. 

trussed,  260. 

Roofs,  257,  et  seq. 

■  flat,  disadvantages  of,  259. 
^—  inclination  of,  269. 
—  scantlings  for,  258. 

~— —  wood  and  iron  in,  268. 
Rubble  masonry,  coursed,  318. 

■  masoniy,  common,  319. 
Rules,  bevil  plumb,  207. 
Rupture  in  arches,  joints  of,  349. 

8. 

Saud  bags,  286. 

boxes,  286. 

'  cylinders,  284. 
pump,  419. 

■  stone,  6. 
Scaffolding,  313,  333. 
Scantlings,  272. 
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Scantlings  for  a  qneen^poet  trass,  264, 265. 

for  flat  roofs,  258. 

Scarfing,  248. 

Scoop,  218. 

Scott's  cement,  78. 

Screw  piles,  iron,  408. 

Screws,  jack,  288. 

Seasoning  of  timber,  146. 

Section  areas,  earthwcnrk,  106. 

Self-closing  deep  well  excavator,  Fonr 

acres',  415. 
Semi-elliptical  aiches,  858. 
Seotee,  ooffeMam  at,  424. 
Setting  ont  earthwork,  200. 
Settlement  of  embankments,  227  et  seq. 
Settling,  precantions  against,  884. 
Shears,  814. 
Sheer  steel,  168. 
Sheet  iron,  161. 

—  piles,  8»9. 
Shovel,  212. 

Side  slopes,  protection  of,  288. 

—  widths  in  earthwork,  202. 
Silioeons  stone,  5. 

Sindh  flame  kiln,  86. 

—  roof,  885. 

■  tiles,  6a 
Single  Joisted  floors,  288. 
Skew  arches,  872. 
Slakinglime,  110, 111,112. 
Slate,  chlorite,  5. 

■  clay  6. 

.  Granwacke,  6. 

>- — -  mica,  5. 

SUdlng  sash,  296. 

Slips  in  earthwork,  225. 

Slopes  of  earthwork,  190, 192. 

•^  ...  side,  protection  of,  238. 

Smelting,  155. 

Soap  stone,  5. 

Soils,  marshy,  894. 

Soldering,  168. 

Sarkhi,  26. 

Specifications,  brickwork,  843,  844. 

.  ■     ,—  for  good  stone  masonxy,  321. 

Spelter,  165. 

Stability,  calcaUtions  of,  431. 


SUbility  of  earthwork,  190, 191. 
Sucking  of  timber,  145. 
Stages  in  earthwork,  224. 
Staves,  boning,  210. 
StairHsaaes,  297. 

examples  of,  800, 808. 

method  of  setting  ont,  298,  299. 

plans  of,  80a 

Steel,  168. 

— —  Bessemer,  168t 

bUster,  168. 

——cast,  168. 

sheer,  168. 

Stone  archea,  bond  of,  864. 
— »  argillaceous,  6. 

■  artificial,  Bansome's,  17. 

artificial,  Sorel's,  17. 

artificial,  Victoria,  17. 

ashlar,  805, 806,  82a 

>  block  in  course,  807. 

bond,  8ia 

calcareous,  7. 

-  choice  of,  2. 
classification  of,  4. 

■■  coping,  808. 
■  •  decay  of,  2. 

dresaing,  809, 812. 

durability  of,  15b 

~  Gwalior,  8. 

its  use  limited  in  India,  1. 

liCadras,  12. 

masonry,  805,  et  aeq. 

Nilgiri,  11. 

Orissa,  9. 

preservation  of,  16. 

Punjab,  13. 

qualities  reqnired  in,  3. 

■  quarrying  of,  18,  21. 

siliceous,  5. 

strength  of,  806. 

■  Trichinopoly,  10. 
Strength  of  mortar,  98. 

-  of  stones,  806. 
■■  of  timber,  143. 

Striking  centres,  281. 
Structure  of  timber,  140. 
Strut  and  tie  joint,  244. 
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Stniti,  268. 

Strotting  floors,  modal  of,  289. 

Staeeo,  186. 

Sob*aqaeoa8  excavator,  Webb*8»  418. 

Sob-floila,  comprBssible  earths,  892. 

'  hard  earths,  891. 

■  marshj  soils,  894. 

■  nature  of,  888. 
—  rock,  890. 

■  wet  soils,  898» 
Swinging  windows,  296. 
Syenite,  6. 

Syrian  roof,  384. 
tUes,  59. 

T. 

Tables  of  scantlings,  278. 

— — ■  of  scantlings  for  flat  roofs,  258. 

Tape,  measaring,  205. 

Talc,  5. 

Technical  Vocabalary,  Appendix  III. 

Tenon  and  mortise  joint,  243. 

Terra  cotta,  49, 58. 

Terrace  roof,  2571 

Testing  lime,  practical  mode  of,  71. 

Theoiy  of  arches,  846. 

Thickness  of  abntments  of  arches,  852. 

■  of  arches,  860. 

Thrust  of  arches,  850, 85 1. 

■  of  calculation  of,  850. 
Tie-beams,  268. 
Tie-joint,  244. 

'Hies,  Atkinson's,  59. 
burning,  57,  58. 
elaj,  for,  preparation  of,  57. 

—  coloured,  62. 

—  cost  of,  57, 58. 

—  drain,  68. 

—  flat,  58. 

—  flooring,  61. 
Goodwjn's,  59. 
manufacture  of,  57. 
moulding,  57, 58. 
pan,  56. 
pot,  56. 
Sindh,  60. 
Syrian,  59. 


Tilt  wagons,  217. 

Timber,  189. 

Timber,  classification  of,  142. 

fastenings,  protection  of,  256. 

measurement  of,  15L 

partitions,  291. 

preserration  of,  149, 150. 

seasoning  of,  146. 

stacking  of,  145.    . 


«  strength  0^148. 

-  structure  of,  14a 
trees,  Indian,  152. 
Timbers,  lengthening,  248. 
Tin,  167, 168. 
Tools,  boring,  221. 

^digging,  211. 

for  earthworic,  211. 

Trees,  felling  of,  141. 
growth  of,  144. 

■  Indian  timber,  152. 
Trimmers,  290. 
Truss,  hammer-beam,*  267. 

king-post,  26a 

—  queen-post,  264. 

Trussed  girders,  250. 

Trussed  roof,  260. 

Tubular  foundations,  iron,  405. 

Tudor  arch,  856. 

Tunnels,  870. 

Turpentine,  180. 

u. 

Uncentering  and  keying  of  arches,  868. 
Underground  arches,  870. 

V. 

Varnish,  184. 
Vaulrtng,  377. 

cylindrical,  877. 

principals  of,  878. 
Vocabulary,  Techni(»d,  Appendix  IE. 
Volumes,  earthwork,  197. 

w. 

Wall  plates,  268. 

— —  notch  joints,  applicable  to,  247. 
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Wftilfl,  brwiat,  446. 

'     colonriDgi  188. 
M  kachchha,  841. 

pifl^,  842. 

— —  retaining,  480. 

— —  retaining,  best  form  of,  487. 

Water,  fonndations  in,  420. 

■  in  retaining   waiU,  precantions 
against,  441. 

Webb's  snb-aqneons  excavator,  418. 
Wedges,  282. 
Weight  of  brioks,  27. 
Well  curbs,  416. 

'  excavator,  deep  well,  414. 

■  Fooracres',  418. 
*•— «•  fonndations,  406. 

'  excavator,  ordinary,  418. 

— ^— >  self-closing,  4X5. 
Wet  soils,  89a 


Wheel-barrows,  215. 
Whinstone,  5. 
White  zinc,  18a 
Whitewash,  188. 
Windows,  296. 
— ^  casement,  296. 
— ~~  sliding  sash,  '296. 

'   swinging,  296. 
Wood  and  iron  in  roofs,  268. 
Workmen,  distribntion  of ,  on  earthwork, 

216. 
Wrought-iron,  158. 

■  principal  forms  (if,  161. 

quality  of,  160. 

— —  rabbling,  159. 


z. 


Zinc,  165. 
while,  180. 
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